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Foreword
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This report is one of a series prepared by the Bell Helicoptcr Company, Fort
l\ Worth, Texas for the National Acronautics and Space Administration, Amcs
; Research Center, Moffett Field, California under contract NAS2-6599.- Thesc
Tilt Rotor Research Aircraft studies were jointly lunded by NASA and the U. S.
l. Army Air Mobility Research and Development Laboratory, Ames Directoratc.

The Administrative Contracting Officer was Mr. Richard J. Abbott. The
Technical Monitor was Mr. Martin D. Maisel, Tilt Rotor Research Aircraflt
Project Office. Mr. Gary B. Churchili, Tilt Rotor Research Aircraft Project
provided technical support of the effort. reported in Volume V.

Volume I --  V/STOL Tilt Rotor Study, Conceptual Design --
CR11441
CR11l442

Volume IIT -- V/STOL Tilt Rotor Study, Research Aircraft Project

i: Volume II  -- V/STOL Tilt Rotor Study, Research Aircraft Design--
l Plan--CR11443

Volume IV _ --. V/STOL Tilt Rotor Study, Wind Tunnel Investigation
Plan--CR11l4444
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Volume V --  V/STOL Tilt Rotor Study, A Mathematical Model for
Real Time Flight Simulation of the Bell Model 301
Tilt Rotor Research Aircraft--CR11l4614
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Volume VI  -- V/STOL Tilt Rotor Study, Hover, Low Speed and
Conversion Tests of a Tilt Rotor Aeroelastic Model
--CR114615
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LIST OF SYMBOLS

This section describes the symbols used for the time dependent variables that
are passed between thc subsystems (see subsystems block diagram, Scction T),

Key to Nomenclature:

X, ¥, 2 Indicate body axes forces
D, Y', L Indicate wind axes forces
1, M, N Indicate body axes moments
', M', N' Indicate wind axes moments
Subscripts
F Fuselage _
W Wing
WP Wing-pylon
H Horizontal stabilizer
\% Vertical stabilizer
_ R Right rotor
L Left rotor
SE Shaft pivot point
P Pylon
MG - —_ Main gear
NG Nose gear
a Aileron
e Elevator
r Rudder
PA Pilot station
CG Aircraft center of gravity
R/W Due to rotor at wing oW
R/H Due to rotor at horizontal stabilizer :
R/V Due to rotor at vertical stabulizers ;
W/H Due to wing at horizontal stabilizcr 3
)
B Due to rotor at wing in body axes ! T
R/W
B %
R/H Due to rotor at horizontal stabilizer, in body axes i
ﬁ/V Due to rotor at vertical stabilizers, in body axes
Symbol Description U s ..
1 11
A, O,y @ Blade lift coefficients — Ty
“0 1 2 rad’ .« 2
" .
,’ <
101-099=0¢1 vid
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Symbol Description Units
AL Steady flapping component, lcft rotor rad
a5R Steady flapping component, right rotor v
L F/A flapping, left rotor + backward rad
éiL F/A flapping rate, left rotor rad/sce
e F/A flapping, right rotor + backward rad
AR F/A flapping rate, right rotor rad/sce
¥ Blade tip loss factor ND
BLCG Butt line of aircraft C.G. In.
BlL Forward cyclic input, left rotor rad
BlR. Forward cyclic input, right rotor rad
blL Lateral flapping, left rotor, + outboard ecdge down rad
blL Lateral flapping rate, left rotor rad/sec
'blR Lateral flapping, right rotor, + outboard edge down rad
EIR Lateral flapping rate, right rotor rad/scc
CB Prandtl-Glauert factor, page A-33
Cop Rotor thrust coefficient (see page A-18) ND
CTL Thrust coefficient, left rotor ND ' :
CTR Thrust coefficient, right rotor ND
DF Aero drag on fuselage Lb.
DH Aero drag on horizontal stabilizer Lb.
DiWPL Aero drag on portion of left wing-pylon immersed in Lb.
rotor wake © 4
DinL Aero drag on portion of right wing-pylon immerscd in Lb.
rotor wake ’
DMG Aero drag on main landing gear Lb. ?‘ F
DNG Aero drag on nose landing gear Lb.
DVL Aero drag on left vertical fin Lb. i
DVR Aero drag on right vertical fin Lb. -
pr Aero drag on portion of wing-pylon in [reestream Lb.
E Distance from takeoff point in the direction grid- Nautical
East (+ East) Miles o
E Eastward velocity of aiccraft Knots _—
ESAS, RSAS, SCAS actuator inputs to the c¢levator, rudder, and In,
ASAS aileron, respectively .
—
301-099-001 viti
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Symbol
I F...F

-

L —

H o T

L
iWPR

L
LG
LWP
lA,MA’NA

lF’M ,N

F°F

lL’ML’NL
lR’MR’NR

J
lWP ’wa ! I‘WP

301-090-001

LN’ LT, PD

Description
Stick and pedal forces from pilot (+ fwd, + right,
+ right)
Flap position indicator

Aero H-force on left rotor + backward (upward)

in mast axis system

HP required to drive left rotor

HP required to drive right rotor

Aero H force .on right rotor + backward (upward)
in mast axis system

Radar altitude of aircraft

Aircraft climb rate

Aircraft rolling inertia, body axes

Aircraft product of inertia, body axes
Aircraft pitching inertia, body axes
Aircraft yawing inertia, body axes

Elevator effectiveness factor, p. B-26
Aero lift on fuselage

Aero lift on horizontal stabilizer

Aero lift on portion of left wing pylon immerscd in
rctor wake

Aero lift on portion of right wing-pylon immersed in
rotor wake

Laading gear position indicator

Aero lift on portion of wing-pylon in freestream
Total rolling, pitching and yawing moment on aircraft

about body X, Y, Z axes

Rolling, pitching and yawing moments on fuselage about

body X, Y, Z axes

Rolling, pitching and yawing moments about body X,Y,Z
axes, due to ‘eft rotor forces

Rolling, pitching and yawing moments about X,Y,Z axes,

due to right rotor forces

Units
1.b,

b,

HP
HP
Lb.

ft
ft/scc
slug ft2

slug ftz
slug (t
slug ft

Lb.
Lb.

Lb.
Lb.
ND
Lb.
Lb.
Lb Ft

Lb It

Lb Ft

Rollinz, pitching and yawing moments due to wing-pylon, Lb Ft

about bod X,Y,Z axes
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Symbo

WP’MWP’ we

1 L

SH? UYH? M2

My
My
"N

Ma]L
alR
biL

blR

NNy N

Yz

PAY,l

PsQ,T
é’é,r
s

RLpr
R

et
R

KRPMy 1o
RPM,,

301-099-001-4

Description

Rolling, pitching and yawing mowmcnts dic Lo wing-pylon

in wind axes systom

Pistance from Lhe CG to swashplatco, Body X, ¥, 7 o=

Acro pitching moment duc Lo hovizontal stabilizer in
body axcs

Aero pitching moment due to horizontal stabll.zcr in
wind axes

Mach number

F/A flarping restraint moment exerted by leflt rotor
on airframe, mast axes system (nosc¢ up)

F/A flapping restraint momenl cXertod by right rotor
on airframe, mast axes system (nose up)

Lateral flapping restrain’ moment cxerted by left
rotor on airframe, mast axes system (hub outboard)
Lateral flapping restraint moment excrted by right
rotor on airframe, mast axes system (hub outboard)
Distance from takeoff point in the direction grid-
Norlh (+ North)

Linear acceleration components of aircraflt cg in
body axes system

Position of aircraft cg wr t ground

Ambient pressure, absolute

Aircraft roll, pitch and yaw rates in body axes
system

Aircraft angular accelerations in body axes syston
Left rotor aero torque, + trying to slow rotor down,
mast axes system

Torque supplied by lcft power turbine

Right rotor aero torque, + trying to slow rotor
down, mast axXes system

Torque supplied by right power turbince

Rotor radius

Powcr Turbine RPM sct at 1007 (overspecd Governor

Proprotor RPM selected by the pilot

Unit:

Lt 1t

th M

Lh

ND
Lh ft

Lb It

Lb ft

b ft

Naut .,

Milcs

Naut,
Miles

psia

rad/sce

rad/scc2

Lb It

Ibh L
1.h It

Lh It
ft

RPM

RPM

B TP
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Symbol

U,V,W

’VEB’ EB

Uc’vc’wc

UV
u B

1
R/H
B

R/V

e

B
R/WL

B

HR/WR

101=009=-001

Wei—

Description
Left rotor wake contraction ratio

Station location of alrcrall CG

Lelt rotor aero., thrust, in mast axis + up (forward)

Right rotor acro, thrust, in mast axis 4 up (forward)

Ambicent temperature, absolute

Velocity of aircraft CG, w.r.t. air, in body axcs
system, in X,Y,Z alirections

Velocity components of aircralt GG, w.r.t. air,
along ecarth-based axes

Ground velocity components of aircrafll CG

Wind velocity components w.r.t ground

Induced X-velocity at horizontal stabilizer in
body axes system, due to rotors

Induced X-velocity at vertiral {ins, in body axcs
system, due to votor

Induced X-velocity at left wing, in body axes
system, due to rotor

Induced X-velocity at right wing, in body axcs
system, duc to rotor

Calibrated airspeed

Total linear velocity of aircraft c.g. weiad. oir

Waterline of aircraft CG

Uniform component of induced velocity at lell rotor,

+ dovnward, mast axes system
Uniform component of induced velocity at right

rotor, + lownward, mast axcs system

Ft/sce

Ft/sce

Ft/scce

Vt/SCC

Ft/scc

Ft/sec

Ft/sce

Ft/sce

MPH

It/ sce

.

Ft/sce

Ft/sce

o
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: Symbol Description Units
l Wi B Induced Z-velocity at horizontal stabilizcr, in FL/scc
i ‘ R/H
P . body axes system, duc to rotors
l Wi B Induced Z-velocity at vertical Lins, in body axes . FL/sce
' R/V
l system, due to rotoxrs—
) Wi B Induced Z-velocity at left wing, in body axes system, It/ sce
." - - 7 .
. 1 R/HL due to rotor
L XA’YA’ZA Total forces on the aircraft in X,Y,Z directions, Lb.
: l body axes system
g*, 1 XCOL Collective stick position, inches from (ull down In.
IR §
an T XF’YI"ZI‘ Aero forces on the fuselage, in body axes system b,
;v ‘ ‘ A 4
- Né l XI‘L Position indicator for {lap actuator ND
té"
E ] X, ZH Aero forces on horizontal stabilizer, in body axcs Lb
' ’
fl l system |
% l XiWPL’ZiWPL Aero forces on portion of left wing-pylon in rotor Lb.
5& wake, in body axes system
b
- X ~ : i ight wing-py in A
l iWPL’ZiWPL Aero forces on portion of right wing-pylon in rotor Lb
w
wake, in body axes system Lo
_ l XL,YL,ZL Left rotor [orces in body axes system Lb.
, l XLG Position indicator for landing gear actuator ND ;
[
' XLN Longitudinal stick position, inches from full aft In.
. I XLT Lateral stick position, inches from f(ull left In, ;
e X, s2 Aero forces on main landing gear, in body axcs Lb.
MG’ MG
I system
Xyl Aero forces on nose gear in body axes systum Lb. )
l NG’ "NG
; XP’) Position of pedal, inches from full left in, —
l§
' XR’YR’ZR Right rotor forces in body axes system Lb. )
' D
‘ 401=000-001 w1
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Symbol

Xyr v 2L,

Z

Xyr? Yyr VR

XTHL’XTHR

Y

Ky Yup 2 Zyp

301-099-001

Description

Aero forces on Jeft Min, *n body axes systom
Aero forces on right fin, in body axecs system
Angles of the power levers on the fucl controls
Aero forces on wing-pylon in frecstrcam, in body
axes system

Position of mast tilt-actuator, perccnt

Fuselage angle of attack

Rate of change of fuselagc angle ol attack

Angle of attack at portion of right wirg immerscd
in rotor wake
Angle of attack at portion of left wing immersed
in rotor wake

Angle of attack at horizontal stabilizer
Angle of attack on portion of wing outside rotor wake
Fuselage sideship angle

Mast -conversion angle, + [crward, mecasurcd from

body (-Z) axis, 0° is vertical, 90° is zero incidence
Angle of attack at vertical fins

Pitch flap coupling

Aileron mean deflection angle, + right aileron up
Elevator deflection angle, + up

Rudder deflection angle, + right pedal

Wing wake dellection at horizontal stabilizer
Left rotor root collective pitch

Left rotor collecative pitch input from prourotor

colleetive gor crnor

Units

1.b.
b,
Deg.

Lb.

ND

rad
rad/scc

rad

rad

rad
rod
road

deg

deg
dcg
deg
decg
deg
deg

deg

doy

xIii
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eoR

eoR/G

koL

oR
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Description
Right rotor root collcctive pitch
Right rotor collective pitch inpul lrom proprotor
collective governor
Inflow ratic at left rotor, neglecting rotor-induccd

velocity

Inflow ratio at right rotor, neglecting roter-induced
velocity

Tip speed ratio, lefit rotor

Tip speed watio, right rotor

Air density

Euler angles

Rate of change of Euler angles

Grid heading (+ clockwise from N) and Euler pitch

angle of wind

Left engine speed

Right engine speed

Interconnect shaft speed

Left rotor speed w.r.t, aircraft
Left power turbine speed, same as QEL

Right rotor speed w.r.t, aircraft

Right power turbine speed, same as QFR

Lateral mast tilt
Distance from CG to gear
Flevator cffectiveness, baH/céc

Rudder effectiveness, ca”/bir
v

Unitls

deg

deg

ND

ND

ND
Slug/fL3
rad
rad/sec

rad

rad/scc
rad/sec
rad/scc
rad/scc
rad/scc
rad/scc

rad/scc

deg
In
\D

\D
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. SUMMARY

This rcport dcscribes a mathematical model for real-time “light simulation

of the Bell Model 301 TilL Rotor Rescorch Aircraft?, The mathematical wodel
was developed under Contract NAS 263599 for mechanizalion of the NASA Amcs
Flight Simulator for Advanced Aircraft (FSAAY2, The objective of this pro-
gram was to obtain a validated mathcmatical model of the Lill rolor rescarch
aircraft to support the aircraft design, pilot training, and prooi-of-concept
flight testing.

The development of the mathematical model involved the foliowing specific
tasks:

(1) Derivation of equations representing the kinematic, dynamic, and
aerodynamic characteristics of the Model 301's rotor, airframe,
flight control system and subsystem. Th« mathematical model is
described in Section II and the equations are presented in Appendix
A. Model 301 parameters required as inputs to the equations are
given in Appendix B. —_—

(2) Checkout and validation of the mathematical model. A non-realtime
digital computer progran was developed at Bell Tor this purposc.
Comparison of performance and stability and conlrol characteristics
predicted using the subject mathematical modc] willh cxperimental
data and with predictions using other computer programs is presceuted
in Section III.

(3) Support of the Tilt Rotor Research Aircraflt Project simulation
effort at NASA Ames. This involved providing tcchnical assistance
during checkout and validation ol the FSAA/Sigma 8 mechanization
of the mathematical model, Program BELTR (Program BELTR was
developed by Computer Science Corporation under a scparate contract
and was used for the recal time simulation) and cvaluation ol the
simulation by Bell Helicopter Company experimental test pilots.

The results of the evaluation are given in Section IV and rccom-
mendations for further development of the mathcratical model and
the simulation are given in Section V.

The structure of the rathematical model is indicatc. ., the block diagram
shown in Figure I-1. The mathematical model diffcrs from that for a con-
ventional fixed-wing aircraft principally in the added requirements to repre-
sent the dynamics and aerodynamics of the rotors, the intcraction of the
rotor wake with the airframe, and the rotor control and drive systcms
(Subsystems 1, 2, 8(a) and 19 in Figure 1-1). The portion of the block
diagram enclosed by a dashed line is common to all simulation mathematical
models; in the BELTR Program the equations given in this rcport werc ve-
placed by CSC program BASIC3 which contains esscentially fdentical cquations
and is uscd for all FFSAA simulations., The landing gear olco forces were al
generatcd using thc DASIC program.
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The rigorousncss of the mathematical model ofl the tilt-rolor rescarch air-
craft was constrained by two factors. Onc was the requirement to kecp the
fast loop computational time (this was a.two loop simulation) to less than
50 milliseconds in order to maintain real time simulation. To achicve this
it was necessary to limit the rotor representation to stcady, lincorized,
aerodynamics with uniform inflow and to approximate the rotor following Limc,
Rotor stall and compressibility effects arc only uscd to definc a limit for
the maximum rotor thrust coefficient as a function of advance vatio. _This
rotor math model is satisfactory for most handling qualities studies, but
may be inadequate to evaluate flight conditions or mancuvers where stall,
compressibility or rotor dynamics are significant.

The second factor constraining the rigorousness of the mathematical model was
the lack of sufficient. experimental data on the rotor wake-airirame acro-
dynamic interactions such as. the rotors' downwash (or upwash) at the hori-
zontal tail. The model of the rotor wake-airframe interaction is presently
based on a limited. amount of data from the tesus of a powered model of a
tilt-rotor aircraft similar to the Model 3014, Tests of a powered model

of the Model 301 to obtajin detailed information on the rotor wake-airirame
aerodynamic interaction have been completed and will be used to reline thc
model of this important characteristic of the tilt rotor VTOL.

301-099-001 T-2
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1T, DESCRIPTION OF THE MATHEMATICAL MQDIET,

This section describes the mathematical models of the componcents of the tilt
rotor aircraft; the rotors, the airframe, the control system, the cngincs and
drive system, and the automatic flight control systems (Subsystems 1, 2, 3,
4, 5, 6, 7, 8, 9, 17, 18, 19 and 20 in Figure I-1). The math model uscd

for the equations of motion (Subsystems 10 through 16) follows that of Refer-
ence 5. The coordinate systems, sign conventions and cquations of motion

are also described.

A. _Coordinate Systems and Sign Conventions

Earth, body, wind and mast axes systems are used in the mathematical
model. The. rotor flapping, forces and moments are calculated in a
"wind-mast' axis system while the airframe aerodynamic forces and
moments are calculated in a wind axis system. Forces and moments

from the rotor and airframe are resolved intc the body axis system for
solution of the aircraft equations of motion., The flight path of the
aircraft is described with reference to earth [ixed axes with the
aircraft orientation given by the Euler angles, ¥, 6, and ¢, in that
order of rotation.

The mast axis system and sign convention used for the rotor are shown in
Figure II-1. The rotor flapping,_ forces_and moments arc calculated in
the "wind-mast" axis system (al, bl’ T, H, and Y) and are then trans-

formed into the mast axis system (al, bl Tl H and Y).

B. Rotor Math Model (Subsystem 1)

1. Rotor Forces and Moments

The mathematical model of the rotor is similar to that given in
References 6 and 7 except that it is derived in a mast axis system
(the theory in Reference 6 is based on an axis system perpendicular
to the axis of no flapping i.e. the tip-path-plane, and that of
Reference 7 is based on the axis of no feathering) and contains pro-
visions for proprotor characteristics such as non-linecar twist,
flapping restraint and pitch-flap couplirg.

The major assumptions that are made in the rotor math modcl are:

(1) Average values for the lift curve slope and profile drag
coefficient are used over the span of the blade. These arc
adjusted to approximate the rotor thrust and power required
characteristics.

(2) The blade angle of attack «_ is approximated by Sin¥ . Subsl-
tution of simx for @ in the blade element cquations makes it
possible tc develop eauations for rotor [orces without restric-
ting blade pitch, &, and inflow angle, ®, to small angles.

301-099-001 11-1

PR Y 2




BELL Use ot disclosagre Sf dala i s page 1
HELICORTER comiAaNny Subject to e pesite bt s e bt paar

(3) Blade stall and compressibility cffccis are approximatcd by
limiting the maximum rotor thrust cocilicient as a function of ad-
vance ratio and by arbitrarily modiflying cocificients in the rotor
power required cquation (rotor profile drag is incrcascd as a
function of the cubes of the rotor inilow and advance ratios
multiplied by cmpirically adjusted coc’Micients).,

(4) Blade flapping with respect to the mast is assumed small so that
the small. angle assumption can be made. And harmonics of {lap-
ping greater than onc-per=-rev arc ignored.

(5) The blade flapping due to cyclic inputs is assumad to occur
instantaneously, i.e. the flapping equations assume the rotor
is in an equilibrium condition. This assumptior was made be-
cause of limits imposed by the computer computation time. Differ-
ential equations for blade flapping that would pwoperly account
for the rotor following time were determined to require a solu-
tion time in excess of that allowable for rcal time simulation.
Furthermore there is a transport lag between the time a control
input is made at the cab and the time aircraft responsc is up-
dated at the cab, of from one to two {rame times (0.050 to 0.10
seconds). By neglecting the rotor [cllowing time in the cquation
of motion, it is approximated by the cab-contrel input to computer
time lag (for example, in hover the rctor following time is™0.08
seconds comparcd to an average computation lag time of 0,075

seconds).
2. Rotor Induced Velocity 1
The rotor induced velocity is computed Ly calculating the induced
velocity of an isolated, out of ground effect rotor and modifying
the induced velocity to account for the side-by-side rotor effect
and for operation in ground effect.
The mean value of the isolated, out-of-ground effect rotor induccd e
velocity is approximated using a modified expression from Reference 8,
v, = QR)C ;
* 1o 1.5 !
Jo.866x2 + 12 4 9:6]Cq] (| - 8/”“)‘!) b
(|c] +8e2) (|c| + %)
where G = CT/ZB2 5
(the 0.86b factor on)? has been added to improve power correlation
in hover)
301=099=-001 [1=2 ‘1
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(:l

The side-by=side rotor c¢ffect on the rotor induced velocity ds
approximated using an expression derived in Reference 9,

($2R)C
AV. = X -——.——']:.
bOSS opte

The factor xgg is called the mutual induction cocfficient and is ob-
tained from Figure 3.7 of Reference 9. The term Avy is added to the
induced velocity for the isolated rotor.

In the determination of xgg, the increascd mass flow of the side-by-
side configuration is taken into account and the rotor wakes arc
assumed to remain separatc if the distance between the rotor centers
is greater than the rotor diameter. The value of xgg depends on the
direction of rotation, the distance between the rotors, the advance
ratio and the rotor angle-of attack. The value of xgg given-in
Reference 9 is valid for M—grecater than C.15. 1In this analysis the
value of xgg for M less than 0.15 has been approximated by providing
a smooth transition between a value cf xgg cqual to zero at B = .06
and the value at M = 0.15.

The reduction in induced velocity causcd by ground proximity is
computed using the expression

72
o ev e (DpE)
GE OGE
where G = 0.76 + 0,24 1/D for h <D

and G 1.0 if h >

The constants 0.76 and 0.24 in the expression for G were derived from
model test data. The factor yUZ2 4+ V2/30 washes out the effect of

ground proximity with forward spced; at 30 feet per second and greater

the effect is completely washed out.

The major assumption made with regard to induced velocity is that it
is uniform over the rotor disc. The main effect of this assumption

is that lateral flapping is underpredicled in the low speed helicopter
regime (M = 0,05 to 0,2). However, lateral flapping has only a second
order effect on stability and control characteristics in the helicopter

mode so this is not a serious limitation, Presently the tandca rotor
effect is neglected when in sideward flight., This cffect was not in-

cluded in the initial development of the mathematical modecl since other
factors significant to sideward flight simulation arc only approximated.

Airframe Aerodynamics (Subsystem Nos. 3, 4, 5 and 6)

the fusclage, wing-pylon assembly, horizontal tail and vertical fins are

mode led separately to facilitate accounting for the influcnce of the rotor

301=099-001 ISR
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wake on the airframe acrodynamics, In general the airframe acvodynamics
arc extracted from wind tunncl test data; whero wind Ltunne ! data was nol
available characteristics were estimated using Refevences 10, 11, and 12,

1... Fusclage (Subsystem No. 3)

Equations for the fusclage lift, drag, side force, pitching moment,
yawing moment and rolling moment arc referenced Lo the wind axis
system and defined at the fuselage aerodynamics center. The coclfi-
cients in the equations for angles of attack and sideslip less than

or equal to 20 degreces are bascd on wind tunnel data. For angles of
attack greater—than 20 degrees the coefficients have becn approximated,

I
K
v
L4
x
M
A

Aircraft angular rates and the rotors wakes are neglected in cal-
culating the fusclage aerodynamic forces ard moments.

2. Wing-Pylon Assembly (Subsystem No. 4)

¥ local wind axis system. Wing-body interference effects are included
in the aerodynamic data.

Calculation of the wing aerodynamic forces and moments is made in two
parts; (1) lift and drag generated by the rotors wakes, and (2) the

forces and moments generated by the free stream flow. The math model
of item (1) is discussed in Section I1.3. TItem (2) is discussed in
‘ the paragraph below.

The wing-pylon lift and drag generated by the freestream flow are

i The wing-pylon aerodynamic forces and moments arc defined in the
I_ functions of angle of attack, conversion angle, flap setting and Mach

number. The pitching moment is a function of flap setting. Wing-

pylon lift and drag cocfficients are provided for mast angles of
1‘ 0 degrees and 90 degrees, and for four flap settings as shown in
Figures 1I-3 and IT-4. Coefficients for intermediatc mast angles and
flap settings are obtained by interpolation. Mach number corrcctions Ty
are made only for the flaps-up airplane modc condition as shown in
Figures I1-5 and II-6. The aerodynamic coefficients for angles of
attack up to stall are based on wind tunncl data; at angles of attack
above stall the coefficients shown in Figures II-7 and II1-8 arc approxi-
mated bascd on the test data shown in Reference 1l.

P

w
-

The angle of attack of the wing is modified to reflect the induction
effect of the thrusting rotors. The expression for the wing anglce of
attack is,

Ll o]

2C_ ..
5 RE % 57.3
MAX“ (i, 0.15) .

[
l
i
i

aw = QF - 0.26 XR[W”*H

wWhere XR/W’ the induction coe ficient is a “unction o7 the distance

between the rotor and the wing, and CRF is the non dimensionalized

l rotor “orce coudiicient,

301-099-001 11=4
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The lateral=divcetional acrodynamic forces and momenis arc calculatad
using cquations for stability derivatives from Reference 10, Cots
pressibility cffects and the wing loading arc included in the lntcral-
directional characleristics, The dihedral offeet of the wing=pylon

is based on wind tunncl test data and is a function of anclc of attack
and flap selling, The alleron cffcctivencss is also bascd on wind
tunncel data and is a function of angle of attack, mast ang e and
flaperon deflection,

(9]

)

Horizontal Tail (Subsystem No.

The dynamic pressurc. and angle of atlack at the horizontal stabilizer
as shown in Figure II-9(a) takes into account wing-body blockage, mast
angle, the wing-pylon wake, the rotor wake and the aircraft attitudc
and angular velocity. The lift and drag ~ocficients shown in

Figures I1I-10 and II-11 of the stabilizer arc determined from wind=
tunnel test data for angles of attack up to—stall. Abovc stall the
coefficients are approximated using data from Refercnce 1.

The downwash at the horizontal stabilizer due to the wing-pylon shown
in Figure 1I-12 is determined from wind tunncl data for angles of
attack up to stall, Above wing stall thc downwash is approximated
using data for a high wing-low tail configuration given in Refcerence
12.

The downwash at the horizontal stabilizer due to the rotor wake is
discussed in Section 11.3,

Vertical Fins (Subsystem No. 6)

The forces and moments on thc left and right fins arc computed sepa-
rately to account for the variation in rotor wake cffects with side-
slip. The dynamic pressurc and angle of attack at the fins as shown

in Figure 1I-9(b) take into account the wing-body blockage, mast angle,
wing-pylon wake, rotor wake and fuselage attitude and angular rates.
The lift and drag coefficients of the fins shown in Figurces 11=-13

and 1I-14 are determined from wind tunnel data for angles of attack

up to stall, Above stall the coefficients arc approximated using

data from Reference 11,

The sidewash at the fins is a function of [lap sctting, mast angle,
fuselage angle of attack and sideslip angle,

Rotor Wake = Airframe Aerodynamic Intcraction (Subsystem No., 2 and parts

of 4, 5 and 0)

The rotor wakc~airframe acrodynamic interference representation consists
of three parts:

(1) The ¢ffect of the rotor wakes on the wing 1ift and drag.
(2 The effcet of the roter wakes on the horizontal «tabilizer and
vertical fins lift and drag.
3G 1= 99001 f1=5
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(3) The net rolling moment induccd by the votor wake=airframe =;round
interaction when hovering near the ground,

]

1. Rotor Wake Effcct on the Wing

As noted in Section 11,C.2.2 the calculation of the wing acrodynanmic
forces and moments duc to rotor wake cffects is made scparately from
the forces and moments generated by the frecstream (low.  The caleula=
tion of the rotor wake cffect involves calculating the arca and anglc
of attack and dynamic pressure of the portion of the wing inmersced in
the wakej; Figure II-15 illustrates thc representation of this cffect,

The arca of the wing immerscd in the rotor wake, Sjy (shown in Figurc

- 11-15) is computed as a function of wuke radius, conversion ang lc,
wake angle of attack and sideslip angle of the fuselage. The expres=
sion used to compute wake radius of a hovering rotor as a function of
vertical distance from the rotor disc is derived in Refercnce 13.
Experimental data.also shows that the contracted wake rcmains stable
as it reaches the wing and horizontal stabilizer surfaces. The
equation for the wake radius (Equation 3 of Refcrence 13) has been
simplified since the wing and stabilizer surfaccs are located at
approximately .4R below the rotor disc.

s
A .:1

-

- R, ={0.78 + 0.22 Exp [-(0.3 + 2 2 [Cpp + 60 CRL)H % R

R . o — T

and is given by the following expression:

_ 2 2
= (Kg + Ky B Ky BT RO RN Wy

-

P PPN

wi‘
R/W

where the constants K; are determined from powered rotor test data.
Wing loads at high negative incidences caused by the rotor wake at low
speeds are determined using lift and drag coefficient data tables that
are defined up to angles of attack of %90 degrees.

*

Asymmetric flight at low specds, which causes unequal portion of the
left and right wing to be affected by the left and right rotor wakes
and generates roll and yaw moments, is taken into account.

w

2. Rotor Wake Effect at Horizontal Stabilizer and Vertical Fins

The rotor induced velocity at the horizontal stabilizer and vertical
fins is bascd on data from wind tunnel tests of a powered model.,  The
velocity induced at the tail by the rotors was derived by analysis of
aircraft pitching moment data with the tail on and off, and with and
without the rotors. Iigurc 11-16 shows the induccd velocity at the
tail (normal to the horizontal stabilizer chordlinc) as a function of
airspecd and mast angle,

301=099-001 i{=6
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The following cxpression bs uscd Lo approximatc the ve locitly varia-
tion shown in Figurc TT-106,

=

2\ ]
U-168.89 + &)
) " ]/ hy + bRy + (g hByy) T08. 40 T)

Fr——

T The coefficients h, through h, were determined by curve it of the
test data, W, . is the induccﬁ velocity at the Telt rotor,

iL
.- The induced velocity at the cmpennage is presently bascd on Lhe
{ value for trimmed level flight, and is invarient with angle of
e attack and sideslip. Data from tests of a powcrcd acroclastic

model indicates a significant variation in induccd velocity with
- angle of attack and/or sideslip. This new data will be uscd Lo

: f

. 1 refine the present represcntation of thc rotor wakc offeet on the
) ' empennage.
-
/ L 3-
‘E RS 3, Rolling Moment Induced by Rotor Wake-Afrframc-Ground Intcraction
{8
"3 . When hovering in ground effect (h/D < 1.5) an unstablic roll moment is

C Q generated by aerodynamic interaction betwcen the rotor wake, the

C A wing and the ground. Figure II-17 shows the rolling moment as a
. function of h/D measured with 1/5th scalc powcrad model of the Model

301.. This elfect is represented in the math model by a polynomial
equation for the rolling moment, curve fitted to the test data, and
applied at the aircraft ccenter of gravity.

{- E. Flight Controls (Subsystem No. 8)

The flight controls representation consists of a con’.rols mixing modcl,
and a force gradient model,

A )
B

[y

. . The Model 301 flight control system is illustratcd schematically in Figure
| 171-18. The math model of the system represcnts thc mixing of the pilot
and automatic flight control inputs, wash out of the rotor controls as a
function of mast angle and airspecd and conversion, landing gear, and
flap controls. Wash out schedules arc illustrated in Figurc TT-19 and arc
given in tabular form in the math model, The math model docs not include
friction or free play. The time constants of thc control actuators arc
assumed zero, since in practice they arc less than the computer ramc
time.

pet

The pedal and cyclic stick longitudinal and lateral gradicnts arc speci =
fied as a function of aisspecd, The location of the gradient detent
(zero force position) may be moved by the pilot to Lrim out stiady stick
forcces.,

F, Drive System and Engines (Subsystems 18 and 19)

The drive systcw is represented by the zero froquency sytunc Lric nodo, g
the rotors specd up or slow down in respensce Lo tho unbalance betwoen

301-019-001 -
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acrodynamic torque and engine torque.  The frequencics of the flexible
modes of the drive system (3,67 cps and 118 cps for the first antisym-~

§ metric and sccond symmetric modes vespectively) arc too nigh to sipnifi-
cantly influence the simulation..

The engine and power turbine (Njp) povernor models are canposcd of cqui-
tions to calculate engine horscpower during Lransicnt and stcady slalc
operation. -The cquations arce based on the operating cheracteristics of

\ the combined <ngince-fuel contrel system. This approach was taken rather
! than one involving time constants, inertias and derivation of cnginc com-
ponents to minimize the computational requircments.

S i Y
2

The engine equations are derived in terms of the optimum power turbinc
speed and the horsepower developed at that speced, For a given throttle-
setting (or fuel flow rate) the engine will develop the.maximum horscpower

. i if the turbine is operatling at the optimum spccd. The commanded optimum
ia power, referred to sea level, standard, static conditions is given by
B
e~ K, X2 + Ky X, + Ky (for T. < K.)
ﬁ:,\ i 8 “TH 9 Ay T Mo VPOT T By
= HPpoc = ¢ |1k, (T K ) K, + K (X K )' K, X,
S | 11 a7 2 T3 T L 8 “TH
- i ! .
Lo g + Kg Xy +.1<10] (for T, > K;)
- g B where Kg through K,, are. constants derived to fit the enginc¢ power versus
r g throttle (Xpy) setting characteristics given in the engine installation
i g ” manuall#,
v -
i
v, The referenced optimum power HPRg at any time o, ~fter a power lever
: - { change is given by the equation
A : . .
. . L]
‘ dHPROP
- HPo = (HPpglg * a4
: : to {
i '
| where HPROO is the power beforc the change in the power lever position and '
" ; dHPROP is the engine power acceleration schedule and is given as \
l dt '
- -
) 1a HPRO ‘
dHP . [100] HP
ROP _ sign (HP - HP_ ) .. _ ROC ¢ (HPgo .1 |
—r = ROC RO’ * MIN q1, S tmxp ) ~
where { (HPgRg, h) 1s the engine power acceleration schedule, derived to
_ l correlate with measured engine acceleration characteristics.
, .
‘ 301-099=-001 IR
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The actual horscpower 1P is then cowpuled by correcting the reforred opti-
mam horscpower, HPpg, [or nonstandard conditions using tho following
cquation

e ={up. &6 (K i 2+ K Q_-R o+
P = I N - , : .
RO “N—| |1\ Qo 2\ Qo 3

where Ki, K2, and K3 arc constants uscd to curve fit the power to the
engine characteristics given in the installation manual,&lR is the actual
power turbine speed and Slgg is the referred optimum power turbine speed,
and & and © are terms used to correct for nonstandard pressurc and
temperature, respectively.

The. equations used for the power turbine governon (NII) are similar to
those for the engine except that the optimum power is referred to the Njj
speed commanded by the pilot rather than the throttle sctting. It should
be noted that in the Model 301 the Nyi governing spced is sct at that
corresponding to the rotor limit spced so that the Nij1 governor is only
used to help prevent overspeceding.

Automatic Flight Control System (Subsystem No. 17 and 20)

The Model 30L's rotor rpm governor and Stability and Control Augmentation
System (SCAS) are represented in the math model.

1. Kotor RPM Governor (Subsystem No. 17)

The rotor RPM governor represcntation consists of a single channcl

model of the fecdback netwoik. In the Model 301 the rotor bladc collece-
tive pitch is changed so as to maintain constant rpm; the blade pitch

is proporticnal to the integral ol the crror in rpm (c.g. the differ-
ence between the actual and the pilot sclected rpm) so thal any stcady
error is completely washed out. The gain of the integral fcedback is
very low so the governor will not destabilize structural modes.

A position gain is used in parallel with the integral gain to provide
damping to the rotor rotational mode under conditions of low inflow,
such as in low power descents in helicopter mode. The position gain
is phased out as the pylons are converted to airplanc modc to srevent
destabilizing structural modes.

Control of the RPM governor consists of a thumb operated, threc posi-
tion switch spring loaded-to-center, located on the power lever head.,
Pushing the switch forward, increases the refcrence rpm by 20 rpm for
cach sccond the switch is depresscd; pulling aft decicascs the refer=
ence rpm by 20 rpm per second. A pointer on the rotor tachome ter
indicates the sclected rpm. This system was modeled in the FSAA cab.
At present, this modeling docs not include capability Lo cvaluatc
failurc modces,

301=099-001 [1=9
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2. SCAS (Subsystem No, 20)

The SCAS math model consists of a singlce channcl representation of
the electronic nctwork; SCAS actuator charactceristics arc not
modeled, however, total system authoritics arc uscd.. A typical
channel is shown in Figurc 11-20, Each channcl has thrcece functional
circuits; rate fecedback to augment the alrcraflt damping, -a1ttlitudc
feedback for attitude retention, and pilot input {ccd forward to
improve the apparent response Lo pilot control inputs. The pitch
channel has, in addition, an airspeed feedback loop (this loop was
implemented but not used).

The main feature of the SCAS math model is representation ¢ the
systems gains. All gains are functions of both eirspeed and pylon
angle. This feature was incorporated to facilitate optimizing the
SCAS during the design phase.

pomsd  biwek  mmed e N DR

o

The attitudes and airspeed hold circuits are switched of f or on by
the position of the pedals and cyclic stick., When the longitudinal
cyclic stick is trimmed (e.g., in the force detent) the pitch channel
holds are switched on; when untrimmed thz pitch channel holds arc
switched off. When the lateral cyclic stick and the pedals are
trimmed the roll and yaw attitudes holds are switched onj when
either the pedal or the lateral cyclic is out of trim the roll and
yaw holds are switched off.

Y

- iy oy

H. Equations of Motion and Coordinate Transformations (Subsystem 9, 10, 11, 12)

The equations of motion used to solve for the six degrees of [reedom

rlight path are identical to the ones given in Reference 5. Change in
aircraft c.g. location and inertia due to pylon tilt are computec. Equa-
tions derived to compute pilot station acceleration take into account thc
c.g. acceleration due to pylon tilt rate and the c.g. offset location,
However, the effects of mast tilt acceleration and ratc on the body

pitch acceleration and rate are assumed to be small and therefore ncglected.
The pylon degrees of freedom are neglected as the Medel 301 wing-pylon
natural frequencics are well above the frequency capability of the
simulation software and hardware.

K1l

L. A I - s 2 ' B
) _
J

Transformation of forces and moments from wind to body aXes and from
mast to body axes is required for a number of subsystems. These trans-
formations are given in Subsystem 10, The transformation for the
rotor equations arc given in Subsystem No. 1. Rotor forces and

moments are computed in the wind axis and referenced to the mast,

This is noted throughout Lhis report as the "wind-mast' axis system

as described in Figure IT-1. The forces and moments computcd in

this axis system are then transformed to the mast axis systecm.
Transformation of rotor forces and moments to the body axis system

are given in Section 10b.

301-099-001 11-10 ‘ﬂ
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11T, VALIDATLION OF THE MATHEMA''LCAL MODIL

The accuracy of the mathematical modcl has been investigated with regard to
rotor performance and forxce characteristics, airframe acrodynamics, rolor
wake = alrframe acrodynamic intcraction, static and-dynamic stability char-
acteristics and control power and damping., Test data were uscd for com=
parison where avilable; when test data were not available Lhe mathematical
model was compared with BHC.computer program C81, the program uscd Lo predict
the Model 301l's stability, control, and handling qualitics presented in
Reference 1.

A. Rotor Performance and Force Characteristics

Rotor forces and power required arc compared with data from wind tunnel
and whirl tests of the Model 301's 25-foot diameter rotor (References 15
and 16) in Figures III-1 through III-5..1n general the corrclation
reflects the neglect of stall and compressibility in the mathematical
model. For a given lift, power required is calculated slightly low and
propulsive force slightly high. Collective pitch and ltongitudinal cyclic
are calculated accurately.

Patl @ued Juet pueei s wmn BEE S EE =

‘v.—‘-‘»‘
a

R r Tt Sor o S

Figure I1I-6 compares the rotor damping characteristics with those cal-
culated with program C81. Agreement between the two analyses is good.

B. Airframe Force and Moment Characteristics

As noted in Section II.3 the mathematical model of the airframe force and
moment characteristics in the angle of attack and sideslip range below
stall are based on wind tunnel data. In thc mathematical model, the wind
tunnel data has been broken down into the contributions of major com=-
ponents; the fuselage, the wing-pylon assembly, the horizontal stabilizers
and the fins. Above stall the force and moment characteristics have been
approximated.

.

REFET T

S |

. "
In order to verify that the force and moment data add up to cqual that of ~
the complete airframe a computer "wind tunnel' test of the airframe math
model (with the rotors removed) was conducted. The mathematical model
force and moment characteristics are compared to the wind tunnel data in
Figures I1I-7 through III-1l.. Data from two tests are shown: LTV Low
Speed Wind Tunnel Test No. 408 performed at a Reynolds number of 1,2 by
10% and NASA Laagley Transonic Dynamics Test No. 195 performed at a
Reynolds number of 3.8 by 106, Vortex gencrators were installed on the
wing during the LTV test to simulate wing stall characteristics at the
full-scale Reynolds numbers.

v ‘?6’-1,.‘3‘1“"

AW

)
{

S en o= o TR SR e ped e

The reasons for significant difference between the mathematical model and
the test data are as follows: - -

-  Lift Cocfficient (Figures 11I-7 and 111-8)., Correlation is good
for angles of attack up to stall but above stall the mathematical

301-099=001 111=1
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model LU coefficient is high, This crror i= causcd by the
assumed 1ift characteristic above stall (Roforence 1) and will
be correctod for the Phase 11 simulations

- Pitching Moment Cocfficient (Fipures Pil=11 and tit=12). The
pitching moment characteristic of the fullescale aircraflt is
ostimated to be closce to the TDT test data, hence the mathomat=
ical modcl has been adjusted to obtain the slope of the DT data.
The discontinuity in the mathematical model pltching moment
coefficient at positive and negative stall angles is causcd by
the assumed characteristics of the wing downwash and the fusclage
pitching moment above stall, The difference in pitching moment
at zero angle of attack as shown in Figure I11L-11 results from an
assumption made in the mathematical model =~ that the-wing=pylon
zero pitching moment is independent of pylon tilt anglc, This
will be modified for Phase 1T simulations.

- Rolling Moment Coefficient (Figurcs I111-15 and 111-16). The
mathematical model defines wing-pylon dihedral cffects accurately
up to x10 degrces sideslip anglc. Beyond this range, the dihedrat
stability of wing-pylon is maintaincd constant. (The test data
do not show zero rolling moment at zero yaw becausc of model
asymmetry.)

Figure 111-19 compares the mathematical model aileron control power var-
iation with angle of attack with test data. The decrease in roll control

power at high angles of attack is accurately represcnted,

Rotor Wake - Airframe Aerodynamic Interaction

The rotor wake induced velocity at the horizontal tail and the unstable
rolling moment in-ground effect are represented using a polynomial it of
test data. The curve ‘it and test data are compared in Figurce II-16.

The effect of the rotor -downwash on wing lift is calculated using the
analytical model discussed in Section II.D. This effect is comparcd to
test data (from a model of a similar aircraft) in Figure I11-20. Onc
to one agreement is not expected because of differences in the con-
figuration of the Model 301 and that of the model. What is significant
is the trend in down load with airspeed which is quite good.

Stability Derivatives

Stability derivatives calculated with the mathematical modcl are comparcd
with those calculated with program C81 in Table ILI-l., Significant
differences between the mathematical model and C81 derivatives arce cvident
but are not fully understood. One of the rcasons for the difference in
the longitudinal derivatives may be explained by the fact that C81 aire
frame inputs are lincar below the stall angle of attack, whereas the
mathematical model accounts for the variation in the coefficicnts with
angle of attack., The lateral-directional derivatives arc in better
agrecement since both the programs usc stability derivatives for airframc

301-099=001 [11=2
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inputsy the difference in derivatives is primarily causcd by diffcerences
in the rotor mathematical models,

However, the differences in computed derivatives of the Lwo programs arc
small cnough that the resulting dynamic stability characteristics arc

similar, as discussed later in Scction IV.F,

Static Stability

pe
Figurc 11I-2)1 comparcs the level flight trim longitudinal stick position,
blade root collective pitch, and fusclage pitch attitude calculated with
the mathematical model with those calculated with program C8l. Thesc

are in good agrecment with the exception of the longitudinal stick
position at airspeeds below 50 knots. This differcence ls caused by the
difference in the wing download rcpresentation in the two programs. In
C81 the center of pressurc of the download does not vary with airspeed;
in the simulator mathematical model the download center of pressure moves
aft with increasing airspeed.

Dynamic Stability

Flight mode characteristics calculated with the mathematical model are
compared with those calculated by program C81 in Table I1I-2, Note that
characteristics for the mathematical model were detcrmined both from
response time histories and by solving the characteristic equations using
the derivatives given in Table 11I-1, The differences in the flight

mode characteristics (particularly for the phugoid mode) may be caused

by the rotor rpm degree of freedom being active when the response time
histories were obtained. A higher short period damping predicted by
program C81 is due to a higher estimate of the wing downwash lag
derivative Cm&. Differences in short period frequencies are primarily due
to inaccuracies in the rotor mathematical model computation of inplane
forces resulting from a neglect of stall effects.

The flight mode characteristics computed by the two programs arc compared
with the MIL-F=-83300 level 1 requirements in Figures III-22 and 1I11-23.
Characteristics computed from these two programs arc such that they mect
the level 1 requirements and would be expected to produce similar pilot
evaluation,

Control Sensitivity and Damping

Figures III1-24 and ITI-25 compare the control sensitivity calculated with
the mathematical model with that calculated with program C8l. Agrcement

is good except for the control power at & st - 30°,  Investigation of

this difference revealed that the C81 data is in error at this mast angle;
the mathematical model reflects the correct sensitivity.

Comparison of aircraft damping characteristics as shown in Figurc ITI-206
is good throughout the speed and pylon tilt range.
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Figure I11-24, Helicopter Conversion Mode Control Sensitivity Corrclation
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IV, CONTRACTOR EVALUATION OF FSAA STMULATION

Contractor evaluation of the Model 301 rescarch aircraft simulation on the
NASA Ames FSAA to define deficiencies of the math modcl, computer program,
and the simulator hardware was conducled prior to formal evaluation by the
Army/NASA Tilt Rotor Project Office,

A, Math

Model and Computer Program Deficienciecs

(1)

(2)

(3)

(4)

301-099-001

The rotor math model does not include stall or compressibility. The
requirement to include these effects in the math model was delcted
in order to meet the schedule for the Army/NASA evaluation. However,
the first order effects of stall and compressibility have been in-
cluded by limiting thrust to a value detemined using an analysis
which includes stall and compressibility and by arbitrarily modily-
ing the rotor power required equation to obtain the ccrrect power

at maximum speed in the helicopter and airplane modes.

The rotor flapping time constant is approximated by the transport
delay lagging the response to cyclic stick inputs by the computer
frame time (0.048 seconds). This gives a minimum dclay of 0,048
seconds and . maximum of 0.096 seconds compared to the rotor time
constant in hover of 0.08 seconds. __

A uniform inflcw is assumed whiclk means that lateral flapping in
helicopter mode.is inaccurate, and the tandem rotor effect on rotor
induced velocity in sideward flight is not represented.

Airframe aerodynamics are not adequate in rearward and sideward
flight as accurate aerodynamics are limited to @, = £20 degrcces.
While wing and tail stall are represented, the wing downwash at thc
tail is believed subject to error at angles of attack above wing
stall,

A change in wing flap setting produces an abrupt change in 1ift,
drag, and pitching moment. The flap setting changes instantancously
and is therefore not representative.. . — ..

Wing dihedral e fects are accurate only for sideslip angles less
than £12 degrees,

Rotor downwash at the horizontal tail is accurate only for level
flight as it is not varied as a function of angle of attack or side-
slip.,

Wake recirculation effects at the horizontal tail in ground effcct
are not accnunted for.

The SCAS and RPM governor systems have not been optimized. Further
work on these systcms is plauned ior the Phase IT simulations.

Iv-1
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(5)

(6)

However, theilr.performance is satisfactory for preliminary evaluation
of aircraft characteristics.,

With the.aircraft on the ground and at full down collective pitch, .
a high frequency oscillatin (approximately 5 cps) occurs, This

apparently results from an unstable interaction between the landing
gear math model and the rotor induced velocity math model. Raising

the collective approximately ~ne inch eliminates the oscillation.

Several unexplainable computer 'crashes' occurred when flying at
Cmast = 60 degrees. These werc -not repetitive, in that {lying back
to the same condition did not result in a "erash". The cause of ~
this problem has not yet been determined.

B. Simulator Hardware Deficiencies

(1)

(3)

(4)

The cab controls are not representative of the Model 301. The cyclic
stick has too much inertia which affects the pilots ability to hover
(particularly SCAS off). In hover, numerous rapid and small ampli-
tude motions are required. The high inertia causes a lag and 2n
overshoot, resulting in over controlling. The cyclic also has an
excess amount of free play in the force detent. The cyclic, with
force feel on, is too "viscous' feeling. Smooth inputs and exact
return to trim are difficult. Additionally, there is a ratcheting
feel when moving the cyclic -fore and aft. .
With the force gradient off (magnetic brake button depressed) un-
acceptable high inertia and viscous damping forces are present.
When the brake is released there is a large stick jump.

The pedals also have a high inertia causing lag and overshoot.

The visual system has no peripheral capability making hovering flight
very difficult, The resolution of the display is low causing diffi-
culty in perception of small velocity and attitude changes further
increasing the difficulty in hover.

The instrument panel is a compromise between the two contractors,
consequently the panel layout is not that of the Model 301.

The absence of noise and vibration cues characteristic of wotary
wing VTOL's reduces the flight condition information provided the
pilot.

301-099-001 V=2
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V.

RECOMMENDATIONS FOR FURTHER DEVELOPMENT GIF MODEL 301 SIMULATION

The following modifications and additions to the mathematical madel, computer
program, and FSAA hardware are recommended for implementation prior Lo the
Phase II simulations:

A. Mathematical Model and Computer Program

1.

Rotor

The rotor tip-pat:. plane flapping degrees of frecedom should be in-
cluded in the mathematical model to improve prediction of transient
flapping and rotor inplane shear forces. Differential equations for
rotor flapping have already been derived but were not implemented
because they required a large increase in computer.frame time. The
problem with implementing the differential equations lies with the
forward precession flapping mode which has a natural frequency of
approximately two-per-rev. In order to include the flapping degrecs
of freedom in the mathematical model it will be necessary to find a
means of eliminating the foward.precession mode from the solution of
the differential equations.

The rotor induced velocity must be modified to irclude non-uniform
inflow and the tandem rotor effect in sideward flight.

Airframe

The mathematical model of the airframe aerodynamics should be extended
to include 180 degrees of angle of attack and sideslip so that the
aerodynamics are completely valid in vertical, rearward, and sideward
flight. . Data from the tests of the Model 301 powered aeroelastic
model can be used to guide this effort.

The wing downwash representation at angles of attack above wing stall
should be improved.

The computer program should be modified to interpolate between flap
settings and the flap extend/retract time should be added to the
mathematical model.

A representation of the airframe buffet which accompanics lifting
surface stall should be added to the model to provide the pilot with
a stall cue

Rotor Wake-Airframe-Ground Interaction

The mathematical model of the rotor wake effects on the horizontal
stabilizer and fins should be modified to reflect data from the tesc
of the Model 301 powered aeroelastic model.

01-099-001 V-l
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cround cffects on the wing and horizontal tail should bc added Lo
improve representation of STOL mode take of f and landing.

4, . Flight Controls and Subsystems

The mathematical model should be modified to include failures in
the subsystems. This will require modeling all.channels ol the

SCAS and RPM governor, the potential failure modes, and failure
indicators. ' ‘

5. Engine and Drive System

A mathematical model of the second engine and the refinements
required to improve simulation of engine failure should be incor-
portated.

B. Simulator Hardware

1.  Cab Cockpit

The FSAA cockpit should be mock-up to represent the Model 301 instru-
ment panel layout, pedal and cyclic stick inertia and free play char-
acteristics (new hardware will probably be necessary), and the power
management system. In order to use the simulation to optimize the
cockpit layout it will be necessary to represent exactly the location,
size and shape of the various levers manipulated by the pilot., It
will also be necessary to represent tle instrument location and face
characteristics. Location of all switches, knobs and indicator lights
should be represented.

2. Noise Cues

A noise cue generator having noise characteristics appropriate to the
Model 301 should be developed. The generator should include rotor,
engine and drive system noise which varies as a function of rpm,
power setting, conversion angle and airspeed.

-

b

101-099-001 V-2




BELL
HELICOPTER COMPANY

h Use or disclasure of data an s daags

sub et to the restiction an tee Tithe paee

VI. LIST OF REFERENCES

1. Anon: V/STOL Tilt Rotor Research Aircraft, Bell He licopter Company Report
Nos. 301-199-001 through 301-199-012, January 1973.

2. Rathert, G. A. Jr.: NASA Ames Simulation Sciences Division Simulator
Facilities Description Sheets, April 1970.

3., McFarland, R. E.: Basic Flight Design, Computer Sciences Corporaticn
PRO 103-71, 14 May 1971.

4. Anon: Wind Tunnel Tests of a Tilt-Proprotor Model (NASA Contract NAS1-
11582), Bell Helicopter Company, February 1973.

5. Etkin, B.: Dynamics of Flight, John Wiley and Sons, 1959.

6., Gessow, A. and Crim, A.: An Extension of Lifting Rotor Theory to Cover
Operation at Large Angles of Attack and High Inflow Conditions, NACA
TN 2665, April 1952.

7. Castles, W. Jr. and New, N.: A Blade Element Analysis for Lifting Rotors
That is Applicable for Large Inflow and Blade Angles and Any Reasonable
Blade Geometry, NACA TN 2656, 1952.

8. Drees, J. M.: A Theory of Airflow Through Rotors and Its Application to
Some Helicopter Problems, The Journal of The Helicopter Association of
Great Britain, Vol. 3, No. 2, September 1949.

9, Mil, M. L., et al: Helicopter Calculation and Design - Volume 1, Aero=-
dynamics, NASA TTF-494, September 1967.

10. Anon: USAF Stability and Control Datcom, Air Force Flight Dynamics :
Laboratory. Wright-Patterson Air Force Base, October 1960 (Revised
September 1970).

11. Knight, Maud Wenzinger, C. J.: Wind Tunnel Tests on a Series of Wing
Models Through a Large Angle of Attack Range, Part I = Force Tcsts, !
NACA Report No. 317, '

12. Byrnes, A. L. et al: Effect of Horizontal Stabilizer Vertical Location i&f‘_ T

on the Design of Large Transport Aircraft, Journal of Aircraft, April N
1966, ¢
ok

13, Landgrebe, A.: An Analytical and Experimental Investigation of Helicopter
Rotor Hover Performance and Wake Geometric Characteristics, USAAMRDL
TR71=-024,

14. Anon: T-53-L-11 Gas Turbine Engine Installation Instructions, Lycoming
Report No. 13611.1, August 1966.

301-099-001 VIi-1




YL SRR TRCTN Py ‘. (3 o

BELL licie or thsclosure of data s o juge

!
HELICOPTER compPAaNny subject o the restrichion an the Bille e

15. Anon: Advancement of Proprotor Technology, Task Il - Wind Tunncl Test
Results, NASA Contractor Report CR114363, September 1971,

16, Foster, R. and Sambell, K.: Full-Scale Hover Test of a 25-Font Tilt

Rotor, = Interim Report, Bell Helicopter Company Report No. 300-099-009,
March 1973.

-

s Sae SN B BB R R = ..

%
LY
L‘.
*
§
1
;o
i |
r
:
1
w
B |
‘V. §
l a:T
o ~di
' 201-099-001 Vi-2




i
(L] L] ."/ .
l Qm BELL Use or discicsure of datd on s pdge 15
"‘ HELICOPTER COMPANY subect 1o the restriction on 1he title page
1
\
ot I TN
T e l APPENDIX A
. l EQUATIONS FOR TILT=-ROTOR
J ] FLIGHT SIMULATION PROGRAM
2
¥
1
¥
| ;
| g
| %
* 1
. 3
i 3
- -
~ 301-099-001 A-1 -




h BELL

tse or isglosnrs of dala o0 Hus page s
HELICOPTER cCoOMPANY

subject 16 the testocton an e Bt page

SUBSYSTEM NO, l: ROTOR AERODYNAMICS

INPUTS
A. Variables

Subsystem Block No, Symbol Units

<:i> U Ft/Sec
\4 Ft/Secc
W Et/Sec
p Rad/Sec
(:E) q Rad/Sec
T Rad/Sec
\8a P Slug/Ft3
MN 1
BM Rad
wiR Ft/Sec
QR Rad/Sec i
Bir Rad ;{
e Rad _

-

Ft/Sec

9! Rad/Sec

b

—_

=
N T

B Rad

8 Rad

h Ft -

O—EEO—EEO®

301-079-001 A-2
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B. Coefficlents
Units
a ,a,,a 1/vad, 1/, 1/ 2
0’71’72 y L/,
5 ,5.,6 D, 1/Deg, 1/Deg”
0’ l., 9 o ] g’ YA eg e e e e e e
B ND
CT ND
XSS ND
301-099-001 A-3
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HELICOPTER comPrany subject to the et bt e U e e
EQUATTIONS
A, Blade Twist Constants
(One Time Per Rotor)
K = L cos (B My ) -cos (6,"%x )
SO,m m 1 m 1 m-1
o1
_ 1 . m oo m
KCO,m T oL m [51n (61 xm-l> sin <el Xm)]
el
. - m . m
KSl,m S oam [KCO,m ((Xm-l cos (el Xm-l) Xm cos (61 Xm)) ]
1 v
-1 . m . m
KCl,m = o w [nglm. ((Xm_l sin (81 Xm_l) X sin (61 Xm)) ]
l —
_ 2 _ _l;_ . m _ 2 m
KSZ.,m = = Xe1,m [(x 1) cos (8; xm_l) (X )" cos (8 xm)}
8, 8,"
K = 2k + —1- (x_ sin (8.™ X )-(x )% sin (8,™ X )]
c2,m 6 m Sl,m m 1 m-1 m 1 m
1
) = = - _L_ - 3 m
KS3,m - 6 m KC2,m m [(xm 1 cos (6 l) (Xm) cos (91 Xm)]
1
_ =3 . 3, m
KC3,m = o Ks2,m + ", - [(Xm ) sin (6 1) (Xm) sin (8, Xm) ]
1

Where Slm = twist rate

Xm = Radial station of

em = Blade pitch angle

t
m

at

th
m

segment

segment

- (em-l)

)

th {m
of m™ segment —(———Xm X

m-1

301-099-001
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K = Blade twist constants
Cn,m

(n=0,1, 2, 3)

m = No, of segments of starting from tip (R = B)
to root (R = 0)
Def.ine,
m
1 = :
™ n f KCn,m cos A eOm
m
= X 2
™2 . KCn,m sin A 60m
m
- .3 .
TW3n 1 KSn,m sin 4 eOm
m
= X
TW4n ! KSn,m cos A eOm
- - - m : -
Where, A eOm = (em GR) X 91 , eR Blade pitch at the rotor center.

B, 1Initial Transformation Equations
(’me Tii« Per Rotor)

A= nRZ

DN' = AR2

TD3 = TAN (63)
™ %

9 mR

301-099-001
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Y' =

cR

C. Long Term Transformations

]

1. Rotor Angular Velocity in Space.
Q' = i cos i -
R QR + p sin EM os ¢M + q cos BM—51n @y - T cOs ﬁM cos ¢M
L] = s .
Q L Qp + p sin BM cos ¢M+ q cos BM sin ¢M-+ T cos BM cos @,
2. 'Wind-Mast'Axis Angular Rates
Right Rotor
Par = Par ©%° Sar T Uk ST Sam
Wk = “Par 1P Sar T Yk °°% Sa
where
Py ~ P €08 BM - g sin BM sin ¢M'+ r sin BM cos @y
q =
HMR q cos ¢M + r sin ¢M
iy PR A SR
- T q = —1——"
WMR  Q R Q R
-1 ViR
3 - Wind azimuth angle defined to be cqual to tan =~ ——
WMR U
HMR
301-099-001 A=t
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Left Rotor

P = P ©°% S T Y 51 S,

sin §

= cos §

YoM T "PEML wil, T Y WML

where

Pyp, T P C0S Py -

q sin ﬁM sin ¢M - r sin BM cos ¢M

} qHML = q cos ¢M - r sin ¢M

} Ao PuML A G

:u - Q ] - T
o WML L WML  Q L

¢ = l. HMIJ
Y 3 - Wind azimuth angle defined to be equal to tan = —
= WML LHNL

3. Rotor Hub Velocity - Mast Ax.,

Right Rotor

P T

Y ! NP B . . N L
-—ss aoms SEE EE UER NN EmT e ens  Mem e e e EE AN BN -

(WL..- WL
Sp CG) .
13 + 1M cos @

g UHMR = UHBR cos BM -'VHBR sin BM sin ¢M + WHBR sin BM cos ¢M
) Vim = Vipr ©°S %y + Wy 10 Oy
Y
_ wHMR = -UHBR sin BM - VHBR cos BM sin ¢M + wHBR cos BM cos ¢M
where,
(SL..-SL.y)
= - U - U = CG SP 4 ~
UHBR U=-q?** LZH r % LYH ‘ LXH 13 + lM sin ﬁM cos ¢M
(BL. ,-BL )
| Sp CG
= % { S em—
VHBR V+4+p LZH + r % LXH i LYH 13 + lM sin ¢M
|

- g =W TP T by T 9 Ty U by T M 0% Fy
Left Rotor
Uyme, = Uppp, €98 BM + Vipp sin EM sin ¢M + Wypp sin BM cos QM
! Vi " VupL o8 Py T Wypp sin By
A-7

‘ 301-099-001
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4,

W U sin BM + Vv

HML — HBL cos By sin @+ W

HBL HBI.

where,

it

U-q&L, +1v %L

UiiaL 21 YH

VHBL

FV + p % LZH + r LXH

W

HBL W-p%lL L

v~ 9 xy

Aerodynamic Coefficients

Right Rotor
DN, = @ 0'2 DN'
R R

DNQ, = DN, Qg R/550)

2 2 5
[?HMR + VHMR}

cos ﬁN cos ¢y

oy = T
R 9) R R
N
OR— Q'R
R
\%
. = TAN 1 UHMR
WMR HMR
ag = 4 + p.R(a1 - a, pR) (ao, ays 3, - blade lift coefficients)
C - 2/3 KFA c = 3!3 KLT
KIFAR 1 Q’Z ? KLTR 1 Q'Z
b R b R
4
pa cR I -
R R 5 R
Y = — — = —
RO TIL [1 7 ] YR {1 t }
\m = VM GK

301-099-001
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Define,
= 0,5 ¢ a, (DN
QGR * R ( R)

(For Left rotor replace subscript R with L)

D. Short Term Transformations
(Every update Cycle)

1. 'Wind-Mast' Axis Cyclic Inputs
Right Rotor

WMR - BlR sin §

>
n

A cos §

1R 1R WMR

w
n

1R Ag sin Spup t Big ©08 Snm

(For left rotor replace subscript R with L)

2, Blade Pitch Constants
Right Rotor

CSnR = (Twln - Tw3n) sin eOR +(TW2n +=TW4n) cos eOR

Conr™ -(Twzn + Twan) sin §,, + (TWl - Twzn) cos B,

(For left rotor replace subscript R with L)

301-099-001
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l 1
‘ . ‘ 3, Performance Parameters
| l Right Rotor
' 7C
: . IR
*R°G5a
R
‘ c =0, +t0C 6, +o__ 8 2a
1. d [ 0 rR ( 1 rR. 2)] / R

fR

¢ (For left rotor replace subscript R with L)

o ij 4, Thrust and Induced Velocity

Rizht Rotor

hy
G = (0.76 + .24 ""2§')

i‘ 1f U2+V2>3OORG>lSETG=l
G = —R
E “ 3R 2B2DNR

i
:
.
M
b ]
e 4

AT ¥

' ~ 1.5 2 '
T Qg = 0:6(1Qg > M/ (IQgel + 8ud) '
¢
‘1 A ot M |
L
X .
' l A
Qo | 1+ - 1) 30
l Qr = P * 31;“ G 3
' (p” + 806 A . T)7TTH Qgp Claggl = /3 M IARI) )
2
l (‘Qm‘ +8 Mg )
‘ +xss f(p'R) Q3R {
P*R ‘:
I 301-099-001 A-10




T A
'
i ’ -

v %
Y |
R
e St e e 1] s

..1»..",\
ey

SRR RET T AT s

-

RS

i
I

MR o S o EN P e pess

BELL
HELICOPTER cOMPANY

tUse or disclosure ol data on thes page i
stubpect to the restrichion on Hwe Utle page

If (1Qpg = Mgl > 0011 1) set A = Qp

R M
2
"R e
Tor = Qg Cs2r + Csor 3~ r S

1
"7 [ br (Cgor Mg t 2 CClR)]§

- >, S =
1f (|T2R TRJ 001 lTRl)bet T, =T

2R
Te = Tor
C. = EB_
T, DN,

- '
wiR = kiR (QR R)

|For M, Initilization use A . = Sign Qg *

iR

Thrust Limit

> m =

T = CT f(u) % DN

R R

(For Left Rotor replace subscript R with L)

Go to ‘:E’

(In IC only)

c, )
der

Go to ‘:I’

Q) )

301-099-001
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v 5. Rotor Flapping (Wind-Mast Axis System)

i Right Rotor
I AR(1,1) AR(1,2) AR(1,3) a0 BR(1)
i
o ‘ AR(2,1) AR(2,2) AR(2,3) ap|= BR(2)
: 1 AR(3,1)  AR(3,2)  AR(3,3)| |b | [BR)
By u
. ) R -
. AR(1,1) = ——+ A._C
- R 2 Mr Ssor_
o X . 2
_l3 R
1 AR(1,2) = 5 Byp (Cgqp 2 Csir)
g L " 2
» . = - - ~ A - —
i b AR(1,3) 7 AR Csar | w Cew)” MR TR 83 (Cop t 2 Cs1r)
A N
{ L2
o - R 7
: i AR(2,1) = 7— A Copp
¥ 1 2 1 -
Looqs = - =
‘ AR(2,2) = Cogp = 7 Mg~ (Cogp+Cy D+ 5 | Cy FHp Big Conp
L £R £R
[ L
1. AR(2,3) = 7 A Coop ™ Ckurr
' 3 2
3 3 A
- ) 2 MR —
l ARGHL) = = bg ) Coor * 3 %, ¥ 7 Pir Csm]
| & g
AR(3,2) = 7= Ay Coop + Ckrar
+ tan &, ( 2 e 2 ¢ + A C + Cng)
3 02 PR Cor T %R “s2r T Mesr
' 301-099-001 A-12
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r T
)
‘ AR(3,3) = C +-l~sc +u | B, C +-—=1-'u(c +c. )
. ’ C3R 2 )°d R| "IR “S2R 2 "R MCIR d.
! R fR
“ “Rz - M
. = B - A - R
I BR(1) = Cgap + 5~ Cgig ™~ Mg Cor ~Pr Bir ot 7 Coir)
, ) a ‘
l BR(2) = wp [2 Csor = M (Ccir * Cde)}
- 3 2 IWMR
: 2 A -
l Bir Cesr % PR Ccir T MR Csar! T 4 g
. 2 A
" , " 4p
- - R WMR
= —_ A -
o l BRG) = Ajg 5~ Cor * Mg Csor * Cem’) T Ty
s é [ 6. Rotor flapping in mast axis system
: alR = alR cos §WMR + blR sin gWMR
3 l b, = -a  si +b
¥ 1R = %R 510 S T Pir ©°% Sumr
. |
r T (For left rotor replace R with L)
i
. 7. Rotor Inplane Forces in Wind-Mast Axis System
I (Right Rotor)
— ‘ 1 _ ﬁ ,
T = = - - = A b
l Hp = Qg l 7 Csor "k & T Cs2r ( 21r 5) -3 S Mk Pir
" (Equation
R 2 -2 - A .
| c [_. (a + a¢ ) -=\_a +p )\] Continued on
clrRL? oR T %R’ T 7 "R 1R Next Pagc)
' 301-099-0C1 A-13
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B "
- ﬂ 2 . 2 - |
5 {C AN+ C a + C (XR tpo Ay )

sorR "R T Ssor 21Rr CIR R 1R’ |
fr 1 - ]
AR 1 i\ A a ,

3 [4 Csor "a*r P1r T Csir *r %or t Coor aou} + Cde “Rs

A
- = = 9., .3 3 A D.
T Qr{ Csm(P1r "27) "7 Ssir ™R %or " 2 Ccir R IR
1 - A
+ 3 Coir M 1R~ Ccir MR 9

1 1
- - A —_
+ BlR[ 5 Csor "k “r P1r T2 Ssir. Mz 20w

2 Coor or T Ceir MR blR]

>l ol

o'l

IR -
— C A -
+3 [ sor " Pr " MR 21r? T %s2r Pir

+ Cor (Fg TR alR)]

8., Rotor Inplane Forces in Mast Axis System

ey
"
ey

<
1

-HR sin gWMR + YR cos gWMR

(For Left rotor replace subscript R with L)
!

301-099-001 A=14
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9, Rotor Power and Torque Required

Ca 2

= —R T .
= (DNQy) C T M) .

HPREqQ R 7 ) “CIR

2 2 1
car (B TP R T C
3

3 _—
(L + 280 u R + 60 A R) - B

1
N - =
+ 5 C

CSZR R

IR

C3R 1R

l —_
7 S "& "R T Csr MR 21

-

- M - 1 -
+ AlR.[E Coar P1r 2 Cc2r MR or T Cs2r Mk blR] i

(550) HP

REQ R
Q;, = T
R- T ar

(For Left rotor replace subscript R with L)

7 10.
II M =K

; Rotor Moments in Mast Axis System

L

¥ a

/

#u Y FA 1R ’

1, =K.,.b
big Kir P1r ;

=i veeer

.

(For left rotor replace subscript R with L)

.t
Po fagt

1
. *"f’q
e am s == e =

l 301-099-001 A-15
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HELICOPTER COMPANY _ subjert to the testriclion an it e
OUTPUTS
Subsystem Block No, Symbol Units
@ a1R Rad
1 blR Rad
@ TR Lbs
HR Lbs
YR Lbs  ———
Q Lb/Ft
@ Ma Lb/Ft
1R
e
lblR Lb/Ft
HPREQ R HP
@ élR Rad/Sec
ﬁlR Rad/Sec
alL Rad
1 blL Rad
@ TL Lbs
HL Lbs
YL Lbs
WiL Ft/Sec
Q Lb/Ft
(o) M, Lb/Ft
1L
Ly Lb/Ft
1L
Q HP peq 1 HP
Q élL Rad/Sec
BlL Rad/Sec

301-099-001
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SUBSYSTEM NO., 2: ROTOR INDUCED VELOCITIES
INPUTS
A, Variables
Subsystem Block No. Symbol Units
(1) TR Lbs
T HR Lbs
YR
TL Lbs
HL Lbs
YL Lbs
f ; )
W Ft/Sec
BM Rad _
B. . Coefficients
Units
KO, Kl, KZ’ K3y K4 ND
ho,.hl, hz, h3, h4 ND
301-099-001 17
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EQUATIONS:

Rotor Wake

Ry = RQ0.78 + 0.22 EXP [- (0.3 + 224 [Cp . + 60 CRFL)-\

7

where )
(WL - -
g = HUB Wy By = O
12R
]
C =<TL2 + HL2 + YLZ)
RFL 74
p Q£ R

Rotor Wake at Wing, Horizontal Stabilizer and Vertical Stabilizer in
Mast Axes

(For rotor wake effects on the left and 1ight wing, on .the horizontal
stabilizer and on the vertical stabilizer, the values of the left rotor
induced velocity will be used.)

Wing

2
2 B,

2

W = (K L) Yip

+ Kb K
R/WL '

\
i 0ot Ky + Ky A+ K,

Horizontal Stabilizer

2
U - 168.89 +h, BM)
iL

wi‘R/H = |hg * by By + (hy + by FsM>( T68.89

Vertical Stabilizer

W =W

i]R/V i| R/H

30 -099-001
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Components of Rotor Wake In Body Axes:

Wing:
B
Ui‘R/WL Wo| rjr sin By
B - . cos B
Wilgmn © WE‘R/WL M

Horizontal Stabilizer:

Ui\i/H Wil ryu Sin By

Wi\g/n = Wy |p/u 08 By

Vertical Stabilizer:

B _ . |B
Ui‘R/V B Ui\R/H

wi\ﬁ/v

wilg/H

301-099-001
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OUTPUTS
Subsystem Block No, Symbol Unlts
B T
Ui R/WL Ft/Sce
B .\
wiIR/WL It/Sec
R *t/Se
WL Ft/Sec
B Qe
Ui R/H Et/Sec
B
Wi R/H Ft/Sec
B
Ui R/V Ft/Sec
B
Wi R/Y Ft/Sec
"
L ]
)
q. B
301-099-001 A-20
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SUBSYSTEM NO, 3-TFUSELAGE AFRCODYNAMICS
INPUTS
A, Variables
Subsystem Block No. Symbol Units
Vo Ft/Sec
“p Deg
Br Deg
B, Aerodynamic Coefficients
Units
2
2 Ft
LO,Ll Fto, Des
2 2 2
2 Ft Ft Ft 2
Po2D17PpP30,, P Teg, Deg? Deg ™%
3 3
3 Ft Ft
+ — —
MO, Ml’ M2 Ft™, Deg’ Deg
2 2
2 Ft It
REASELS! Fto Deg, Deg
3
3 Ft
1o’ 11 e, Deg
3
3 Ft
NO’Nl Fey Deg
301-099-001 A-21
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; EQUATTONS ¢

..

_L 2
ap = 5 PVp

H & <
For ap and BF < 20

.
!

= q (L0 + L OzF)

2
p = p Dy + Dy O+ Dy &g + Dy [Bpl )

j=]
[}

My = qp (Mg + My ap + M 1Bl ) = ap (Mg E(@p) + M, 18l B
Y= ap (Y + Yy By + YR I8l )

—
-
n

qp (Ly+ 1B

Np = ap (N + N By)

For dF and B > 20°
i
e
) )
For O(F > 207, BF < 70 ,
4
N '
e = Lp : W
)
= %
at O(F z 20
DF = DF i
= : = =+ ° = T 0
MF MF at o, 407, BF, 20 .
20° < B, < 70° -
-

301-099-001 A-22
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1t = 1! t =z 20°
pelpp AP

l Wind axis
‘ system

.
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OUTPUTS :

Subsystem Block No.,

(lOa)

Symbol

Units
Lbs. -
Lbs.
Lbs.,

Ft=Lbs

Ft-Lbs

Ft-Lbs

301-099-001
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SUBSYSTEM NO., 4-WING-PYLON AERODYNAMICS

INPUTS:
A, Variables

Subsystem Block-No.
2

@

12

Symbol — Units
Ui B Ft/scc
R/WL
B
Wi Ft/sec_.__
RAL .. .
R 2
WL re
BM Deg
FX Fl, FZ, F3, F4
6a Deg
VT Ft/sec
aF Deg
BF Deg
U Ft/sec
\% Ft/sec
1Y Ft/sec
p. Slug/ft3
MN ND
p Rad/sec
q Rad/sec
r Rad/sec

301-099-001
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B, Aerodynamic Coefficlents — >
Units
C sy C ND, 1/Deg
LWP Léa
ND
CDWP
C ND
MOWP
De
Su/H g
XR/W’ XW/R ND, ND
C =0 1/Rad
sl
C c 1/Rad
YP/ IIM'N =0 /Ra
Cyrwg =0 1/Rad
cf =0 9 =0 1/Rad, 1/Rad
Blc, =0 B/chleN
=0 .
Czp CL =0 l/Rad
1/Rad, 1/De
£ Lad
2
= = 1/Rad, 1/Rad \
c, =0 ! :
L A
*
[ = -
Cnp/“LWP|MN 0 1/Rad :
2 5
c_Jc.© , ¢ /c 1/Rad, 1/Rad i
nr/ L nr/ D
WP oup
Cléa’Kléa 1/Deg, ND
K » K 1/Deg, ND - -
n nda
oba
K ND o
np
m__ 
301-099-001 A-20
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L EQUATIONS
& l A. Wing Aerodynamics Affected by Rotor Wake
¥ -
:“ s 2 d ) < 2 .
+ Computation of wing areas SiWR at} SiWL under the rotor wakes
’ I In this subsection, K is a dummy subscript, It is replaced by R and L
. while computing SiWR and SiWL respectively.
3 l The logical flow chart shows the sequence of computations necessary for
' determining S, .
iWK
| l F.l(ClK’. C2K> and F2<C1K’ CZK) are procedures representing computation
. | of a contribution to the wing-area in a rotor wake.
L
i‘ I il Co
l Spwk T ot Ak
o l XAK = XAK + XAlK
% .
‘}Z?‘: YAK = YAy + XAIK Sin 6K
£
g FplCigr Cox
s 9
& l R
s . 1 WYK
S. = S, + - A +. —— . 2 2
%ﬁ; iWK iwk © 2 TIK _Zwa_K(sm 6k)(C2K CIK)
l— " Ypree(Cox 1’
’ w
i | xh, = xa + L xa. + B gyl L D)
A = X T2 M TR S0 O/ Vo T ik ,
WXK .
- Y (c3-¢c2) '
I TIPK "“2K ~ “IK ,‘ T
R H
' = l _m .2 - 2 .
o YA.K YAK + [ZXAIK sin éK + TR (sin 61( cos 6K) .
~ s WXK
: R
- 3 3 L 2 - 2 . (¢ - WYX
: Cox = S T2 Rk Ry € %% ™ Yriek) * Cxx CIK)] R
X l WXK
E
- where: - -
. C
l GC = sin -Rﬁé
1K WXK -
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Siwr»0
XAK O
Yak=O
xiK‘J’\AX(Xre,'wa\() B
XgK‘MlN(XLE,wa K) ] )
< 1Y 2> N :
i 2
CALL
Fe (Xverk, Xip2K) Fa (Xik ,Xrip2x )
)
CALL CALL
CALL ]
F,(Xripax, X 2K) F, (XTip2K , X2K) CALL >
P2 (Kmipak y Xripak) : L > T Fi Xy Xe) [ ]
[, ] CALL 3
F (X X
‘ L CALL L.- CALL N 1( u(; TIPLK
" Fo (Xipex , X2k) Fz (X1x , X2x) CALL
Fg(*nptk-.Xanx
: /
CALL cALL v
Fz (X1x , XTip2K) Ru(Xripzk.Xex) :
{ Y | CALL i
Fy Kk Xrip1) -
< ¥ :
CALL '
et
<) R R ;
Y 1 CALL
x= 0O X = XAk/Siwk F (xu‘,X‘l‘lPiK)
? = O = Y Siwk *
Y= Yan/ - )
5 Fa (Xmip1k, Xrip2n)
\ [ =
END '
_4 .
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* " "M“
Vi _
LA P T BCIA S > Q /
BELL Use or disclosure of data on this page 14
HELICOPTER. camirany subject lo the restrichion on the Ulle page
f GC = sin R_?_I_(_
2K WXK
|
i A ™ B Ry 10050 [:S“’ Sea °*° Py
—s'n 8 cos O + 8 -8
l C1x ik Cx Cll(]
A = o2 Rwyk lcos 5. | [(R.2 - c2y3/2 - (x 2 C‘\z)s/z
I K- "3 R cos Ox WXK © 2K wxk ~ VK
WXK
- l and:
- l;
=g
AT
S l
4 .
; l 1 lM cos BM
;1 UWK =-U - Wil R/ML sin BM
X | ) )
¢ l Y =V Vi =V
W =
! l M - RAL P
" I MAX (Ul [Vil) > 10" '.WWK|
l Use:
l U 100 Uy
. Wox  MAX ( Uk , Vuk )
B Vuk ) 100 VWK
I Wik MAX ( wa , Vi)
l ¢ is the distance forward from wing trailing edge to shaft pivot,
. (Slypg - Slep)
‘ €= 12
‘ 301-099-001 A-29
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M U
- WK
X =-¢~-1 sinB - 1' =—
TEK M M WWK
= ¢ + X
XLEK W TEK
\Y
Y = - _.W.K ]_'
T1PK WWK
\Y
6!( = tan-l (-WLK sin BM)
WK »
U
- ) WK.
RWXK.,. RWK ( cos BM + e sin BM)
v 2
WK
R = R \/1 +<— sin 8 )
WYK WK - WWK. M
If (RZ - X2 or R2 - YZ)S 0 then(\/R2 - X2 or \/;2 - Y2 )__= 0
1f X 2>R% and X, >0, then S, = 0
TE WK TE 2 iWK
Y =Rﬂ< X sin 6. - |cos &_| R2 -X2
TEIK R TEK. K K WXK TEK
WXK
R
_ WYK . 2 .
Yreak ™ Rype (XTEK sin &y + lcos Ol \ Ry = Xppg )
1f X.2 >R.2 and X, <0 then S,,, = 0
LE WX e LE iWK
Y =EM—X sin § -Icoséle—X2
LELK R LEK K K WXK LEK
WXK
301-099-001 A-30
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¢ o Dk
BT R
2 .2

R

><
|

TIPIK R

R

X

T =
XWK

Tywr = Blsp

= - BL

where: X =

1f SM > 30° , set

Total Velocity:

TiwL

WXK.
WYK

WXK

ip2 R
TiP2K WYK

- BL_ +

SP T TCG—T1IPK

; _Mzu”:m Uz._
(XLEK sin éK + |cos UK‘\/QWXK XLEK )

If YTIP > RwY and YTIP > 0 then Si = ()

WK

, 2,2
<XTTPK sin 6K | cos 6K| \/LWYK (TlKK

| N
<YT1PK sin 6, +| cos 61(' ¢RWYK Yr1pK

SLog = Shpe ™ Xk t Rk

cc YT]PKv- YR(for right wing)

+ BL,, - Y + ?L(for left wing)

XAy
51wk

T

S WK

Siwr Siwr = ©

1 1

1/2
v - [(U+U.‘B ) 2 -+-v2+(w+w.|B )2}
R/WL

R/WL

Resultant angle of sideslip,

v

-1
R, = Tan —
PEw [(U+Ui‘B ) 4 (w+w.‘B

>2]1/2

R/WL *Ir/wL

)
)
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A-31

e R

B ‘»,‘1—:""‘ =




6

,”u,
»y

sy
A

BRI 228 T s A [0 et g 1‘_‘;

(RNl | CRL T BELI L o

Q‘ BEL.L.
HELICOPTER comiPany

Ise or disclosute of dala on s paee e
subpect 1o the restichon o the e pagre

Resultant.angle of attack

P
o |, = e | = e
Uu+U;
R/WL
Dynamic pressure:
1 .2
q, =5 PV,
iwPL 2 liWL

Lift in (local) wind axis system:

(left): L = q, S,.. C
iWPL iWPL "iWL LWP

(right): Liopp = Uypr Siwr O

WP

Drag in (local) wind axis system:

(left): Dyup™ Yypr, SiwL CDWP

(right): Dyune® Lupr Siwr CDWP

B. Wing Aerodynamics in freestream flow

(Wing area subjected to freestream - § ..)

S =85, -~ (8

oo W W )

iWL + SiWR

Dynamic Pressure:

_1 2
I =7 Yy

301-099-001

A-32

P,

ape >




P

LR

BELL
HELICOPTER cOMPANY

Use o disclosure of data o sy pape 1y
sulipct 1o the resten ian o the W page

Rotor flow ficld cffects at wing:

2C
RE (57.3)

R/W yax? by s +15)

Ao = 0,26 X

R/W
Angle of Attack at the wing:

Yy = % " A%y

Lift in (local) wind axis system:

L _=gq.8 C + C % 6a]
WP F oy [ LWP Léa
Drag:

Dp = 9 S oy CDwP (o By Fyo My)

Note: C here. is a function ofw

Pitching moment:

M =

q. S c C
0WP F~ o WM

owP

C. Lateral-Directional Equations

AR, + 4 cos (Ac/a)w
AR, BC + 4 cos (AC/4)mew

>
n

where:

oM 2 eos? (]
C 1 M'N cos (\C/Q)W

[==]
1]

Lup ) W e

Prandtl - Clauert compressibility factor CB:

301-099-001
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for U>15 ft/secc,
Y - Force in the (local) wind axils system:

b
= _.,‘i t L1
Yup = Ip Sey [CYB B+ 211_(%p P icyr v )]

Roll and yaw moments in (local) wind axis:

- b

* W T

' l' = — ' t

h‘ g WP qF SOOW bw Cl BF + 2U <Cl P + Cl r ) + Cl 68

l B p r 6

. L. a -
Co - bw _1

. W t- '

Nep = 9 Sy Py | Cp Pty (CqeiTHC v+ )
N~ L nB r 6a
'{;; where the .aircraft angular velocities in wind axis system are,
Ry

,; ' = . N
; g p p cos aw cos 9F+q sin BF + r sin-o cos BF

r' = -p sin oy + © cos o,

and the lateral-directicnal stability derivatives are,

1. CY@ =(CY5|MN =)o (Cg)

C AR, B, + cos (A ))
Y C c/4 W
2, C = C (Cg)
Yo c—2| My = 0 (I‘W'P> CB(ARW+°°S Besa wy

3.

i 3 9 Bk L BS e

' R L F PR A Ce SRR
HE . S oE G JER AN AaN AN AN N JEE A B T aw o

[ TP

@}
<
"
1
< O
<
)

0
o
(@]

0
~ 0>= 0 for |BF| > 15 Deg

o

301-099-001 A-34
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wl‘wv
dx @
- " W W
50 Cl - C1 c = O (Cﬁ> " bc
p p L pr
M. =0 -
\ ol
2 L Lyp = 0
Cc -
S|, . ue
8 -Dwp 1'rARw
AR (1 - BC)Z Clr
6. ¢ = {1+ 3 (&R, B_+2)/ T -0 CLwp
t ¢ ¢ Lup | My
A C
r do
¥ & g <dép > 6F
déf f
If F, then &_ = 0°
1 “eR Op
PN
If F2 then 6F = 30
., A0
If F3 then 6F = 60
= . 1:0
1f F4 then 61“ 15
7. C = K . C ‘
16 16 e 16 F .
a a a |, <38
Where, )
a
C
8, Cc =[C ¢ % (CB> + -—ZP- % [C 2
BT U T e c A\ lyp
L/ My = 0
M.N = P N

301-099-001
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?fi»' ARG B C
o 9, ¢ ==-C, o =K -Cc, a. -fc) % G
b n L "W ™ 1 W 87 Al G = L
‘z,“ P p P p W Tgp | My =0 WE
)
%
u:(..\
' Dy 2 Py
r \C \ WP, c 0
Lyp Po WPl o =0
WP W
L 1. ¢ =K +K C C
- Mg Bgg e Ta yp
3 a a a

5
b
5
v
irf
¥

I} ,

-*-
.

e D, Wing Wake Deflection at Horizontal Tail is a function of angle of attack at -

;‘ the inboard section of the wing, mast tilt., flap deflection derived from i

: test data. JM

r§

e ‘:.q.q

‘ SW/H f(a ’ BM’ Fx) ";

Ae PY

»

n

301-099-001 A-76
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QUTPUTS :

Subsystem Block No.

Symhol

W/H

t.
|, Brw
LiwpL
Liwpr

DiwpL

Units
Deg
Deg
Lbs
Lbs
Lbs
Lbs
Deg
Lbs

Lbs

Ft-Lbs
Lbs
Ft-Lbs

Ft-Lbs

301-099-001
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SUBSYSTEM NO, 5-HORIZONTAL STABILIZER AFRODYNAMICS
INPUTS:
A, Variables
Subsystem Block No. - Symbol Units
@ q Rad/Sec
e U B. Ft/Sec
. ilR/H
B
Wi R/H Ft/Sec
@ Py Deg
6e Deg
iH Deg
Ft/Sec ,
Ft/Sec
W Ft/Sec
ap Rad/Sec
e Rad :
Mo ND 3
3
P Slug/ft
B. Aerodynamic Coefficients
ND
nH
K ND
e
ND, 1/D
L, S y 1/Deg
H HB
C ND
DH
CMH ND
- ND
C
n
301-099-001 A-358
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FEQUATIONS
—r -ﬁ)

Body-axes velocity components due to vector(VT + wilR/H

B

v R/H

R/H U+ Ui\

B
R/H

W W+ wil

R/H

U and. WR/H affected by wing wake (sw/H) and body pitch rate (),

R/H

v . =1 ) + W

= Urgy <05 (e y R/H sin(ey /)

Wy =~Up g sinley ) + Wey cosleg/ ) + 1yy a

|
|
l
i
|
|
|
I R
|
i
i
|
|
|
|

.. where,
t 1, = (SL, - SL. )=
XH H CG 12
¥ ;
Y Total velocity:
&
lﬂ.
.. = 2
v VHT \/q{ + V® + WHZ
Angle of attack for lift equation: o
o, =i, + tan"! W—H (for < 1.0)
HL H U MN ' b
H oo
v ¢
= i -1 _ﬂ - > 1.0) ;
i + tan (U ) (Keq-e)ée (for My ¥
H g -
| Angle of attack for drag equation:
W
-1 H -
= —_] - &
1 Up =yt ten ( UH) (Keme) 8,
‘ 301-099-001 A=139
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Dynamic pressures.

1 2
Ay =7 P Vyr (ﬂH)

Lift in (local) wind axes:

For U< 67.5 ft/sec, set o

lXH

= 0; if.U < 35, set U = 35 ft/scc

Ly = 94y CLH(QHL’éefMN> t =

|

+C B.|}
LHBl F ’
For |B >15° 1. =1
[Pel 7357y g
Drag in (local) wind axes:.

D, = ay Sy CDH (@ M)

Local angle of attack (for resolving forces)

W

-1 H

X = —
H tan (U )

H

Pitching moment:

My = ay Sy Oy CMH (o M)

(bCLH) (bew/ﬁ) o
Do HL bozw F

AT |BF| = 15°

301-099-001
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QUTPUTS::
Subsystem Block No. Symbol Units
o D
@ H €g
Lbs
Lbs

M;{ Ft-lbs. .. ..

L3
s,
%
-
.
.

s

301-099-001 A-4l



N Sg e vy

BELL
HELICOPTER comPANy

Subject 16

te

Use or qisclosure of Sty - B paree
oo e the Bl e

SUBSYSTEM NO, 6=VERTICAL STABILIZER AERODYNAMICS

INPUTS:

A, Variables

Subsystem Block No, Symbol Units
U Ft/sec
Y Ft/sec
: W Ft/sec
p Rad/sec
q Rad/sec
r Rad/sec
i B Ft/sec
R/V
: B Ft/sec
R/V
MN ND
3
P Slug/ft
éR Deg
By Deg
Fx 0 Py Fa By
@ Pr Deg
aH Deg
S .
g) Lee In
WLCG In.
B. Aerodynamic Coefficients
ol
(1 - %/agp) D
C ND
TylF1
By = %
C ND
DV
/ A
30/dp, dO/3T ND
. ND
r
301-099-001 A-42
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EQUATIONS
The H-Tail is represented as a left and right fin, Velocity at the left (in,
2 - B - 0 ats '2 N KN 2
VV = ( (U +.Ui \ ‘ qwlZV + r"lVV) + (V - rnlxv + pnlzv)
L R/V
B 2
+ (W - W ‘ + q*l - p*l, ) }
i R/V Xv Yv
u,\B =0 5° <3 < 28°
1RV
for
Wy =0 |Bg| > ©0°
R/V
where,
1 = (SL, - SL )—l—
XV V.. cG 12
1. = (BL, - BL_ )=t
YV v o 12
- ¢ - L
lZV “WLV WLCG)12
Velocity at right fin,
2 g B 2
v = (U + U,; - q?’fl - %l )
VR I‘R/V rAY YV
+(V - pel,. + p¥l )2
XV yAY

B 2
+(W - W.' + gl + p*l ) §
gy XV YV
ui‘B =0 -5° > 8, > -28°
R/V
for
wilB =0 |;—3F[>eo°
R/V :

L i
poefine sideslip angle due to vector (VT + W, R/V)

' = tan

VL,R

v
\/(‘T* Uilg/v P+ Wy g/v)2

301-099-001
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g
~ De inc Zcro Rudder Sideslip Anglc, if (U + Ui|B ). <10, 8¢t = 10.0 [t/sec
R/V
. ' > v 2Ly b
¥, B = APyt * B 5. AP
: "o ’ 2(U + U.| ) W op
¥ R/V
Y 2 1y, >
- b + N r (57.3).
W dr
f' Sideslip Angle for Y Force Equation,
e
= < .
BVYL,B_ BVL,RO (For MN 1.0)

BVL,RO + (KRTR) % éR (for MN >1.0)

re

N SR, T TR *Aﬁr;g:” - ’
» % * RIS ‘
— wes SN GEE E W EN N A R P R BN =a e

Sideslip Angle for Drag Equation,

BvpL,R BVL,uU + (Kgrp) * Op

Dynamic Pressure,

= 2 _ 2
qup = (/2 W) My and qup = (/2 0 V) Ty

;
» Eorces in the local wind axes are, E
1 g
- Yo =2 Sv W CYV {
| § g
] = - ]
Yor 7 % vk Gy, 2
N R
D == S q C ‘i
VL 2 'V WL DV t
L _ 3
D =+ c f
VR 2 °v WL D
' \
‘ ‘
[
‘ 301-099-001 F A
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!
OUTPUTS s
Subsystem Block. No. Symbol Units
10 Doy
Punir &
(o] —
+
YVL Lbs
!
YVR Lbs
b
Py, Lbs
|
DVR v Lbs
1
2
|
3
4
!
i
%
¥
]
(N
3-1-099-001 A-45
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SUBSYSTEM NO, 7: RETRACTABLE LANDING GEAR

INPUTS:
A, . Variables

Subsystem Block No. : Symbol Units :

Lo ND
. .

o Deg

V., W Ft/Sec

(::) p Slug/Ft3
e, ¢ Deg

B.- Aerodynamic Coefficients

Domeyt) Domap¢t’ |
Doneut) Dongptt) '
C. Strut Force Coefficients

Ksr1 _Kst2. Xst3 : . “1
"

Pst1 PsT2 Psr3 i 3
o

Ba1 Ba2 Be3 K-
£

o My Ms %

‘ 301-099-001 A-46
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Landing Gear Locations

Xn = SLCC - SLGn

<
]

n BLCG ) BLGn

Zn = wLCG B wLGn

Butt lines positive to right, Water lincs defined
with zero loads in landing gears.

Where,
n=1, 2, 3
1 = Left Main Gear
2 = Right Main Gear
3 = Nose Gear

Aerodynamic Force Equations

JLlg 2

A, Gears Down

Dyc = 9f Pymogp(t

Dye = 9 Donep{®)

B, Gears Up

Dye = 9f Pomeu(t)

Dye = 9p Poneut)

Strut Force Equations
Strut Deflection
h

Gon = X_sin 6 -~ Z_ cos O - Y
n n n
=0 ‘ -
hogn = LYy sin @+ (2 +v,) (cos @ - 1)] cos &
th = (h + hGen - hc¢n)/(cos 8 cos @)
301-099-001 A=47
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Strut Deflectlion Rate
B e, |—e—m——— |+ X q- Yp
n G \cos O cos ¢ n n
Strut Veritical Force
IF- th >0, FGZn = Q
1F th SLQ’
Fazn = Xstn Ptn T Pstn Prm
Strut Longitudinal Force
F = - (W + 1,B ) F J
755 o 17Gn Gin | U|
IF U =0, Fpn = QL
Strut Side Force
IF V=0, FSn =0
IF V£ 0, FSn = -MSEGZH | V]
1
301-099-001 A-45
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Force and Moment Contributions of Gear Struts

Axn = Epn " FGZne
AYn = Esn + FGZn¢
AZn = Fpn 8 - FSn 0 + FGZn-
AMn = -AZnXrl + AXn (zn +y, + th)
Aln =~-AZnYn - AY (zn +y, + th)
ANn = -Axnzn.+lxn AYn
3
AXLG - AXn
1 .
3
AYLG = 2 AYn
1
3
AZLG =z AZn
1
3
AlLG = X Aln
1
3
AMLG = ? AMn

LG

301-099-001
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OQUTPUTS
Subsystem Block No, Symbol Units
@ DMG Lbhs
DN G - ul.,bs
AXLG Lhs
AYLG Lbs
AZLG Lbs
t -
AlLG Lb, £
AMLG Lb, ft
t
ANLG Lb, £
% |
q
[ ¥
301-099-001 A-50
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‘ SUBSYSTEM NO, 8a CONTROLS MIXER
Ao INPUTS:
; l A, Variables
A ‘
l’ l Subsystem Block No. Symbol Units
y @ ®or/c* Corsa Deg )
l @ XL Inch
A"-' l XLT Inch
':"i; xpD Inch
5' - I XCOL Deg
ﬂt @ ESAS Deg
~ 3 l RSAS Deg
.. ¥
. l ASAS Deg
Lo
g ? @ xB Fwd, 0, Aft
¢ X : F,, F, Fop F
&: l FL 12 "2 "3 T4
; : X6 UP, DN
" l @ Vo Ft/Sec ;
Ty -
i
; ;
l B. Control System Gearing ’ -q
*
bBl/beN’ OBl/bXPD Deg/In, Deg/In p
1
In, Deg/In, Deg ¥
b—e /bx ) be /bx ’ e Deg/ 1)
—— o LT o ¥ COL oL
I béE/beN’ MR/beD Deg/In, Deg/In
I béa/bXLT Dcg, In
.
l .
' 301-099-001 A-51
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YOLDOUT FRAMY \

@ B350
HEL ICOPTER coMmrany

CONTROL SYSTEM BLOCK DIAGRAM

LONGITUDINAL STICK

rl
B, C(8,)
X < .
LN A Q
S By 90
ESAS TABLE C I
L_{aSe +® 5
S Xen > o e
: AB £ (f
PEDAL FEyY ﬁ\
RSAS
Q >4
*pD <
m
Vius P " TABLE C II
38R t@ 5 O )
3Xpp R
CIRICI
LATERAL STICK
)
o qD T
ASAS 7n
TABLE C III
Em -+ & |
dXyy @ > O
COLLECTIVE STICK
) 36,
*eor ] 9 Xsew CRIE
By P l ;;

{ TABLE G V |
E |
= at;:: > O *rig |

TABLE C VI

301-099-001
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FOLDOUT FRAME d
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S hgpct 16 e rectr e o ro e Tl pdge

Limit 0°
PILOT'S 5
NACELLE o A o &
TILT BEEP —. N U M
SWITCH
TABLE_C IV i 00°
1
PILOT'S 1
FLAP _/ ) 2
DEFLECTION — O &
SELECT 3 3
SWITCH
4 4
»
Up
PILOT'S
LANDING )
GEAR O Ly
SELECT |
SWITCH
DN 1
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EQUATIONS
A, Collective Pitch
o = a’eozb < ) * Xoor + O * Oor/c .
CcOoL
_ beo
—_— ) -
s JF Kpp - Xppy t ASAS) -
LT
= %
eOL (°eo/.b X ) XeoL * eOLL + e0L/c;
COL
beo (
+| -—= * (X + ASAS)
o) XLT LTN. -
B. . Longitudinal Cyclic
o} Bl
= —— % -
Bir *\3x (X = Xpyy *+ ESAS)
LN
d B, ) .
s — ¢« (X - X + RSAS) .
PD ,
; XPD PDN 3 P
d B y
B =[—L (X... - X + ESAS) :
1L X LN LNN .
4 . Y
B, ) %
+| —— % -
= (Xpp = Xppy + RSAS) b
FD .o
’.- i

301-099-001
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C. Elevator, Rudder, Aileron
bée
8, =5y % Kyt Xt ESAS) .
LN .
d 6r
&T = X *(XPD - XPDN + RSAS) _
PD
o 5a
5, = 5 *(Xpgp - Xy t ASAS)
LT
D. Nacelle Tilt
BM - f (BM) % (1, 0, - 1) (Fwd, Neutral, Aft)
t o o
= imi < < -
BM j;BM dt Limits 90~ < BM < -5 :
T W
4
.
P
4
*
E. Flap Selector 3.'
Flap/Flaperon Setting is:
F (0,0) .
F2 (40,25) Use to
select —~—
F3 (75,47) table
F“ ('28, "17.5) “
301-099-001 A-55




BELL

tise or disclosure of data on this page 15
HELICOPTER comiANY

subject to the restriction on the ttle page

. Lending Gear Selector

Lg = {0,1] (up, Down)

G. Variable Incidence Stabilizer

LN ~ “LNN

AP

* i
e ica Lot X st 1

2

= .
T e
: T

-
IRy

%

301-099-001 A-56
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OUTPUTS :

Subsystem Block No.

©

-© QOO —© -

Symbol

Units
Deg

Deg

Deg
Deg

Deg
Deg

Deg

Deg

(Fl’ Fpy Fas FA)
ND

Deg/Sec

Deg

301-099-001
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SUBSYSTEM NO,

8b: FORCE FEEL SYSTEM

INPUTS:

A. Variables

Subsystem Block No. Symbol Units
) XN Inch
XLE Igch
XPD Inch
<§E) XLNT Inch
XLTT Inch
xPDT Inch
_ VT Knots
B, Stick Force Gradients
Fino® Frro’. Fepo Lb/In
v’ Fing )
Lb/In/Ft/Sec
Frrr Frra ‘5
Fpp1* Frp2 )
Lb/In
F,
Vl’ V2 Kts
301-099-001 A=5%
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EQUATIONS:

. ‘,x <

Fo. = |F,. + F,
PD [ PD, = PD;

i
,;,'-,'.-:-*' o

Feo = Fa "lfQOL\

b

. w;ﬂﬁ'i e "‘5&‘.’1‘"51; ey

(v

= |F F (v
LN [ LN0 + LN1 T

Frp = [FLTO + FLTl (Vp = Vi) + Frg

T

2

SV Fpy g e Vz)J " l(XLN - Xpnr |

2

- V1> + FPDZ(VT - v2)

(VT - VZ)] W

Xpp - XLTT)l

] * ‘(XPD ) XPDT)I

301-099-001
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OUTPUTS ¢

Subsystem.Block No,

@

- @ - es e G SN SN S S W ma 4k N UE B AR wn =-—

Symbol

F
COoL

Units

Pounds

Pounds

Pounds

Pounds

301-099-001
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SUBSYSTEM NO, 8c: CONTROL [FORCE TRIM SYSTIEM
INPUTS ¢
A. Variables
Subsystem Block No, Symbol Units
@ XLN ) Inch
XLT Inch
XPD Inch
B BT On or Off
w
a r
-
'
~
f
i
' L 1
L
301-099-001 A-61
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EQUATTONS :
If trim button is depressed (BFT ON)
Xenr = iy
Xerr = Yoo
Xopr = Xpp ___
If trim.button is not depressed (BFT OFF)
XNt = Xone
Xper = *urr
Xepr = Xppr
' ¥
»
P
*
-
301-099-001 A-62
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QUTPUTS:
Subsystem Block No, Symbol Units
(8 XLNT Inch
XLTT Inch
XPDT Inch
301-099-001 A-63
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SUBSYSTEM NO, 8d:

PILOT'S CONTROL FUNCTION

INPUTS:
A, Variables

Subsystem Block No.

©

EQUATTIONS:

OUTPUTS:
Subsystem Block_No.

8a

Symbol

LN
LT

PD

COL -

Symbol
XLN

X
LT

RPM.p

FT

Pilot in the Loop

Control
Mechanism

Long. Stick

Lat, Stick
Pedal
Coll, Stick

Beep
Switch

Grip
(Floor Mounted)
Switch

Beep

Switch

Units

Pounds
Pounds
Pounds

Pounds

Units
Inch

Inch

Inch

Inch

Fwd, Neut., Aft

Tx

Up, Down
RPM

ON/OFF

301-099-001
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Control
l Subsystem Block No, Symbol Mcchanism Units
I 8a XPSAS Switch ON/OFF
XesAs Switch ON/OFF
I XYSAS Switch - ON/OFF
- :
L l
l 301-099-001 A-65
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l S
SUBSYSTEM NO, 9-CG AND INERTIA SHIFT WITH PYLON TILT
l INPUTS
_ l A, Variables
) Subsystem Block No, Symbol Units
i By Des.
l B.M Rad/Sec,
l h .. Ft.
BN B._ Inertia Coefficients
- 110 “12° 13’ “14? Deg.
l 301-099-001 A=60




\ g N
S, !
Bz ) . (
REERN Y X N K2 ey . .
‘ [] BELL se or disclosure of cata o Was pae
HELICOPTER comMPANY subgect 1o e restractinn on e Bitle pace
o, EQUATIONS
& l CG Displacement as a Function of Pylon Tilt Angle
oy I XCG = Z sin BM + X (1 - cos BM)
l Zog = Z (1l ~ cos BM) - X sin Bm
’ Where,
| Wy
A X = i (SLSP - SLP)
o | v,
2 = @ (lgp mMp) _
"'-5,,” [
l CG Location,

Sl < SLCGl ce
o = 0

S gty

e

i Wleg ~ WLccl _o ke
5 (I
"? Rotor Hub Height From Ground,
%
hH = h+ lm cos Em + 13
2
- CG Velocity Due to Pylon Tilt Rate, 3
‘ 3
il '

Xcg = Z [ﬁM * cos By] + X[By * sin By

aQ |
o
n

z[éM % sin ﬁM] - X[BM % cos BM] -

301-099-001 A-67
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(1]
CG Acceleration (Neglecting BM)
% = 8w si 32 4
Xco = -Z [SM % sin BM] + X[BM % cOS BM]
" 2 2, £ 2 L
ZCG = 2 [BM % cos BM] + X[BM % sin BM]

s S Ixx\eM =0 "
Tyy - IYY‘BM =0 "
Y2z % Tazlg =0
Iyz ¢ Ixz|sM =0 "

Aircraft Inertia Change Due to Pylon Tilt

Kip By

Krp Py
Kg By

Ry, By

301-099-001
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'
iy OUTPUTS
I Subsystem Block No, Symbol Units
B ® © oo et
:i: I l WLCG Inch
@ XCG Inch
‘ I ZCG Inch
.t l Xeg Inch/sec
| ZCG Inch/sec
" l . 9
%k X Inch/sec”
f ‘ , .- 2
» l Z Inch/sec
i CG
y I Slug - Ft’
i l XX
k . 2
%‘ | IYY Slng - Ft
:’, [ I Slug - th
# 22 g
: 2
l 1‘ IXZ Slug - Ft
I ONO®) "y "
-
, l 301-099-001 A-69
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SUBSYSTEM NO.

10: AXES TRANSFORMATIONS

10a, Transformation of Airframe Aerodynamic Forces and Moments

from Wind to Body Axes

INPUTS ;
Subsystem Block No, Symbol Units
(:::) aF Rad
BF Rad
LF Lbs.
DF Lbs
Yé Lbs .
M% _ Ft-Lbs
1% Ft-Lbs
Y N% Ft-Lbs—
(::) aé/w' Rad
F/W Rad
LinL Lbs
LiWPR Lbs
PiweL Lbs
DiWPR Lbs
a“ Rad
LWP Lbs
pr Lbs
My Ft-Lbs
NP
Y&P Lbs
1&P Ft-Lbs
F Neo Ft-Lbs
301-099-001 A-T0
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Py SR
Subsystem Block No. Symbol Units
@ ozH Rad
LH Lbs
DH Lbs
'
MH. Ft-Lbs
@ ByLRo Rad
'
YVL Lbs
'
YVR Lbs
DVL Lbs
\
DVR Lbs
@ DMG Lbs
‘ DNG Lbs
301-099-001 A-71
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EQUATIONS :
A. General Form of Transformation

X;T |mc:os &, cos Bi - cos ai sin Bi - sin 0.7 X,-

i | i i

Y| = sin Bi cos Bi 0 Y,

Z, sin o, cos B, - sin o, sin B, cos o, Z.
— }..Body._ * i i t . ' {Wind

This transformation matrix is also used for the moment
transformation, o, and Bi are the component angle of

attack and sideslip angle, respectively.

B. .Transformation of Fuselage Forces and Moments

= - - B s .
XF = -D cos & cos BF YF cos & sin BF + LF sin o
= - i !
Yo D, sin BF +.Yp cos BF
= - s - t ? 2 -
ZF = -D sin o cos BF Yo sin op sin BF Lp cos a
— t - t : - t 3
LF lF cos & cos BF M, cos o sin BF Ny sin @
us 1 : 1
MF 1F sin BF + M cos BF
= ' 3 - ' : . t
NF lF sin &, cos BF My sin oy sin BF + Np cos ag
301-099-001 -2
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C... Transformation of Wing Forces and Moments

1, Forces Generated by Rotor Wake

1

= . 1 ' :
Xiwer = Piwpr %% %p_°® P * Liwpr 1P Ypsw
= - s '
Yiupr = Piwer S PR
= 1 Cmt ) '
Ziwer = “Piwpr S1P ¥psw ©°8 Prsw  Liwpr ©°° % _

2. Forces and Moments Generated by Freestream Flow

- - Al 2 .
DWP cos &, cos BF YWP cos o, sin BF + LWP sin o,

g

= - i '
YWP DWP sin BF + YWP cos BF

= = $ - ' : . -
ZWP Dp sin &, cos BF Yop sin &, sin BF LWP cos &,

= 1! YL : - N s
Lp 1', cos ¢, cos BF M cos o, sin BF Nop sin &

)
W W OWP W
=1' sinf_, + M.~ cos B
MWP WP F 0WP F
= 1! . - M! : : '
Nop IWP sin & cos BF Mo sin a sin ﬁF + NWP cos &,

WP

D. Transformation of Horizontal Stabilizer Forces and Moments

XH = -DH cos , cos BF + LH sin &,
YH = -DH sin BF
ZH = -D, sin o, cos BF - LH cos &
301-099-001 C A-73
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—
B

M
H MH cos & sin BF

Mﬁ cos BF

=5

- ' *
N, = MH sin @, sin BF

E., Transformation of Vertical Stabilizer Forces,

= - 1 .
XVR DVR cos &, cos BVRO + YVR cos a sin BVRO

<
|

- 2 - '
vR = “Pyr Sln'BVRO Yyg ¢os BVRb

l 2. = -D. sin« +Y' sin o

VR VR g ©°s BVRO VR g St sVRO

LT o i

oy
5

F. Transformation of Landing Gear Aerodynamic Forces

= . Q
X = =D : cos aF cos LF

o g R ERS

: YMG = -DMG sin BF
'}
. Zyg.= “Dyg Sin g cos By
?
- e——t

7872 3594286
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QUTPUTS ¢

Subsystem Block No. Symbol Units

@ @ (X, Y, Z)F Lbs
(X, Y, Z)H Lbs .

(X, Z) Lbs

MG
(X, Z)NG Lbs B
(::> 1. Ft-Lbs
_ N
MF Ft-Lbs
N& Ft-Lbs
Le _ Ft-Lbs
thg Ft-Lbs
Nup Ft-Lbs
l, Ft-Lbs
My Ft-Lbs
NH Ft-Lbs
\
©

301-099-001 A-75
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10b, Transformation of Rotor Forces and Moments from Mast to Body AXcs '
INPUTS : |
Subsystem Block No, Symbol Unite
@ TR 1.h
HR I.b
YR Lba
QR Ft-Lbs
M Ft-Lbs
1R
1 Ft-Lbs
blR
TL ' Lbs
HL Lbs
YL Lbs )
QL Ft-Lbs
Ma Ft-Lbs
1L
1 Ft-Lbs
‘} blL w
‘II" BM Rad
:-,
L
]
i'
~
< f
s |
: _ -
301-099-001 A7
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EQUATTONS

YR = MR

J -hR COs BM cos ¢M - YR

sin BM sin ¢M + Y

-H
R R sin BM cos ¢M + Y

Use or disclosure ol data on this page 1
subject 1o the restnction on the hitle pagre

M m———

sin BM sin ¢M

cos ¢M + T,

cos BM sin ¢M

]

+ TR sin BM cos QM

cos BM sin ¢M

- ’I‘R cos QM cos @

XL = -H, cos BM cos ¢M - ¥, sin BM sin @, + T, sin BM cos ¢M
Y, = -H, sin BM sin ¢M - Y cos ¢M - T, cos BM sin QM
z, = - sin By cos ¢M + Y, cos BM sin ¢M - T, cos By cos QM
1R = lblR cos BM cos ¢M - M,p sin BM sin ¢M - Qg sin BM cos ¢M
M = -1 g Sin BM sin ¢M + My, cos ¢M -Qp cos BM sin ¢M

N = g sin BM cos ¢M + M, g cOS BM sin ¢M + Q cos BM cos ¢M
1L = _lblR cos EM cos ¢M - M, sin BM sin ¢M +Q sin BM cos ¢M
ML = 1blL sin BM sin ¢M + MAlL cos ¢M + QL cos BM sin ¢M

NL = _lblL sin @M cos ¢M + MAlL cos BM sin ¢M - QL cos BM cos ¢M

301-099-001
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OUTPUTS :
Subsystem Block No. Symbol Units
(x, Y; Z)R Lbs

(1, M, N)R Ft-Lbs

©
| (X, Y, 2), Lbs
?

e

(1, M, N)L Ft-Lbs

P
- 4 PP .
W el SeeX o o
%“, . L Y

» PN BB

(AN

o
“; .
" 3 W
- v
¢ [
.4
“a
! -
i &
3 ’ ¥
P
Y
"
. ' z
,’-—*‘

7872 35427
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10c,. Subsystem for Euler Angles
INPUTS :
Subsystem Block.No. Symbol Units
1% Rad/Sec
q Rad/Sec
r Rad/Sec
10¢ ¥ Rad
) Rad
¢ Rad
EQUATTIONS:
6 = qcos ¢ - r sin @
@ =p+r tan B cos §+ q tan 6 sin ¢
¢ = I _cos $ + q sin @
cos ©
B = fe dt
¢ = f ¢ dt
y = J‘? dt
QUTPUTS :
Subsystem Block No. Symbol — Units
¥ Rad/Sec
é Rad/Sec
) Rad/Sec
QOO
‘a;) qin» e Rad
1 ¢ Rad

301-099-001
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7
10d. Subsystem for Earth Based Velocities
INPUTS:
Subsystem Block No, Symbol Units
‘!:a Y Rad
e Rad
o Rad
U Ft/Sec
v Ft/Sec
W Ft/Sec
EQUATIONS:
UEB = U cos ¥ cos @+ V cos ¥ sin © sin ¢ - V sin ¥ cos @
4+ W cos ¥ sin B cos ¢ + W sin ¥ sin ¢ - U wind E
VEB = U sin ¥ cre B4+ V cos ¥ cos @ + V sin ¥ sin_© sin ¢
+Wsin ¥ sin 8 cos @ - Wcos ¥ sin ¢ - V wind E
wEB = -U sin 8+ V cos 6 sin ¢ + Wcos B cos ¢ + W wind E
OUTPUTS:
Subsystem Block No. Symbol Units
@ U Ft/Sec
VEB Ft/Sec
wEB Ft/Sec
301-099-001 A-80
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10e. Subsystem for Ground Velocity Summation
INPUTS ¢
Subsystem Block No. Symbol Units
@ UW Ft/Sec
ew Rad
‘i’w Rad
@ U.. Et/Sec
Et
VEB Ft/Sec
WEB Ft/Sec
EQUATIONS:
U”: UW (cos ‘i’w cos ew)
VWE VW (~sin Yw.)..
WWE Uw (cos Yw sin ew)
Us = Uss ~ Yue
vV o= -
¢~ Vep ~ Vue
Wo = Wpp = Wup
OUTPUT:
Subsystem.Block No. Symbol Units
UG Ft/Sec
VG Ft/Sec
WG Ft/Sec
301-099-001 A-81
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10f. Subsystem for Ground Reference Distances
’ INPUTS :
l Subsystem Block No. Symbol Units.
@ UG Ft/Sec ,
l v e Ft/Sec
WG Ft/Sec
. @_ WL G Inch
l EQUATIONS :
4' . N, = e f U, dt =
. l N~ 1.6878 6t Py TNyt X
B

I S _
E = 175878 fvc dt, Pay = EF Y,

301-099-001 A-82 !

l (WLCG - 11.0)
hy = 13 + hy (hI - Initial CG altitude) ‘
l h = -fWG dt:+ho , PAZ_éhﬂ-ho_
l h = —WG
OUTPUTS: , "
| - ]
: Subsystem Block No, Symbol Units :
I Ny o v
: i s
4
| 0000 : .
e
' PAX NM
P
AY . .
P
' AZ Ft
h Ft/Sec =
i |
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SUBSYSTEM NO, 1l: ATRCRAFT ANGULAR ACCELERATIONS AND VELOCITIES
INPUTS s
A, Variables
Subsystem Block No. Symbol Units
ZA Lbs
lA Lb_Et |
M . t .
A Lb. F
N Lb. Ft,
N L
11 ﬁ Rad/Sec2
q Rad/Sec2
t Rad/ﬂec2
p Rad/Sec
q Rad/Sec
Y r Rad/Sec
@ Py Rad
—_— EM Rad/Sec
2
<%E> Ixx Slug Ft
2
I t
vy Slug F
2
IZZ Slug Ft
2
IXZ Slug Ft
XCG’ ZCG Ft
XCG, ZCG Ft/S ec
[ * 2
y XCG’ ZCG Ft/Sec
301-099-001 A-83
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Subsystem Block No. Symbol Units
( ) nch
9 SLCG Inc
l Inch
WLCG C
'
#
%
301-099-001 A-84
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EQUATTIONS:

A, Aircraft CG

Angular Accelerations (Body Axes)

Roll Equation:

|
e

XX

Pitch Equation:

Yaw Equation:

e

IZZ

o
]

(IYY - IZZ) qr+ I, (r+ pq) + L,

2

2
= (IZZ - IXX)pr + Ixz(r -p7) + MA

= (Iyy = Tyl + Ip (B - 2q) + Ny

Angular Rate Equations:

0
]
—
"Qo
o,
ot

"
]
—
e
o
o

B, Pilot Station Accelerations (Body Ax&s)

4xpA

= fﬂ + (q+ pr)(z,, - 2..) + ( 2 4 rz)(X -1,,)
m T QT Prilép, = Leg 4 cG~ ‘PA

+ Ypa(Pa = T) = 29 20, = Xeg

301-099-001

s BF

o
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A

o
n

m

yea = Tm T B ar)(Zeg

ZPA) +(r + pq)(lPA - XCG)

- YPA(r2 + p%) #2020 = Rep)
Za . 2 . 2
8,00 = o @ pr)(Keg 7 1py) (BT H (2 - 20
+ Y, (b + ar) + 2q kcc - Zag
C. Pilot Station Velocities (Body Axes)
Upy = U = a¥ Zpy = 1% Yp, - Xeg
VPA =V 4+ 1§A +p % 2
Wpy =W © @ % lp, +p % Yp, = 2o
where, IEA = (SLCG -—SLPA)/IZ, 1 = (SLSP - SL y/12
BL
Yo, = (BLp, = BLeg)/12, Yp, = B
2ty = (Wlp, = WLeo)/12, Zp, = (Wlp, - Wigp)/12
301-099-001 A-86
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OUTPUTS

Subsystem Block No.

OO G O ®

FSAA
CAB

Symbol

e Do e

=

o

XPA

YPA

ZPA

PA

PA

PA

Units

Rad/Sec2
Rad/Sec2

Rad/Sec2

Rad/Sec

Rad/Sec
Rad/Sec

Ft/Sec2

Ft/Sec2

Ft/Secz—

_Ft/Sec

Ft/Sec

Ft/Sec

301-099-001

A-87
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SUBSYSTEM NO, 12: BODY AXIS LINEAR ACCELFRATTONS AND VELOCITIES
INPUTS:
A, Variables
Subsystem Block No. Symbol Units
XA Pounds
XA L Pounds
ZA. Pounds
U Ft/Sec
v Ft/Sec
W Ft/Sec
P Rad/Sec
q Rad/Sec
r Rad/Sec
‘!" S Rad
® Rad
301-099-001 A-83
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EQUATIONS @

. XA

U= -g sin 6 + Vr = Wq + -

. YA

V=gcos Q8 sin @ - 10U+ Wp + P
Z

=
1]

g cos 6 cos 9 + qU - pV +

m

]

Angle of Attack,
= tan I ¥
Q/F = tan U

Angle of sideslip

B = t;an-l y —_

' Wl 4wt

301-099-001

A-89
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OUTPUTS :
Sfubsystem Block No. Symbol Units
©00l00IC v
' Ft/Sec
W Ft/Sec
VT Ft/Sec
QE‘ Alﬁad
BF Rad
@ M g's
NY g's
[
Nz 85
301-099-001 A-90

C g
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SUBSYSTEM NO, 13-FORCE SUMMATION
INPUTS:
Subsystem Block No, Symbol Units

10a (X, Y"—Z)F Lbs,

(X3 2)3upL. Lbs,

(X, Z)iWPR Lbs,

(X, Y, Z)wP Lbs,

(X, Y, 2)y, Lbs.

(x) Z>MG LbS.

(X, Z>NG - Lbs.

(X,_Y, _Z)L Lbs.,

(X’ Y’ Z)R Lbs.

(X, Y)VL Lbs.

(X, Vg Lbs.

| (8X, &Y, 4Z), Lbs,

A
301-099-001 A-91
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EQUATTONS :
Xp = Xp + Xiyupr F Xup * Xy T Xue + X * A
XX R Xt Xgp T XL
YA = YF + YWP + AYLG + YL + {R + YVL + YVR + YH
ZA = ZF + ZiWPﬁ+ ZWP + ZH + ZMG + AZLG
7
+ ZNG + ZL + ZR + ®IWPR
L
L
‘._1.»‘9
.
' L |
.
i v
- - {
301-099-001 A-92
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QUTPUTS::

Subsys

tem-Block No,

@

Symbol.

Units

Lbs

Lbs,

Lbs,

301-099-001

A-9

3
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SUBSYSTEM NO, 14-MOMENT SUMMATION
INPUTS:
Subsystem Block.No, Symbol Units
9 SLCG Inch
J
"LCG Inch
BL
G Inch
10a (X, Y, Z)F Lb,
X, 2 Lb, .
X, )iWPL
X, 2 .
X, ):'.WPR - Lb
(X, Y, Z)WP__ Lb,
(X, Y, z)H Lb,
(X, Y)VL Lb,
(X"Y>VR Lb,
‘ (X, Z)MG Lb,
\ X, 2 b,
(X, 2 L
10b X, Y, Z)L Lb..
X, Y, 2 Lb,
X, Y, )R
@ (1, M, N), Ft.1b
(1, M, N)wp Ft.1b
MH Ft,1lb
@ (1, M, ), Ft,1b
(1, M, N)R Ft.1lb
(al, aM, AN)LG Inch
@ (g Ty Inch
(rxw, rYW)L . _Inch
@ ¢ Deg.
e hy Ft,
301-099-001 A-94
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EQUATIONS:

M, = X, (W

A P - WLF)/IZ + ZF(SLF - SLCG)/IZ +(X

X + X

Leg swer T Xiwpr T Fup)l*

(WLCG - WLW)/lz - 2..inR % rXWR/lz :_EiHL.* rXWL/lz + zwp (SLW-SLCQ)/12
+ Xy (WLog = WL)/12 + 2 (Shy - SL.o)/12 + Xy, (WLyg = WLyo)/12

+ Zyy (SLys = SLeg)/12 + Xyo (WLpg = WLy)/12 + 20 (SLyg = SLgg)/12

+ (Xyp, + Xyp) (Wlgg = WLG)/12 4 (X + XR)[WLCG-(WLSP+ 12 1, cos §,)1/12
+ (2 + 2Zp) E(SLSP - 12 1, sin B) - SLCG]/IZ + Mo M

+MH+ML+M.R+AMLG

1y = Yp (WLp _ WLoo)/12 % Zyuny * Tyyr /124 Ziypg * Tyvr /12
+(YiWPR +.Yipr + YWP) (WLw - WLCG)/IZ + (YVL + YVR)(WLE - WLCG)/lZ
9
+(YL + YR) [(WLSP+ 12 lM cos sM) - WL, /12 + ZL(BLSPL - BLCG)/IZ
+2p (Blgpp —BLog)/12# Ly + Lp + 1) + 1 1o % 0+ AL,
Where,
h h h .
- 0 __H _H, 2 Y —-ii 3 0 (:—"w ) )
g = flgo + 1 * 37 + 1o * GR)° + lg3 * (3R) b e T .
' w
F 0.5 <:E§- < 1.4 ¥
oF P2 2R =M ‘
4
.
301-099-001 A-95




+ Youpr* Txwr/ 12 T YiwpL * Txwr/12 + Yyp (Slgg - SLy)/12
+ X, (BLCG - BLSPL)/IZ + Xg (BLCG - BLSPR)/IZ + Y, (STeg - SLH)/12
+ (YVL + YVR) (SLCG - SLV)/12 + (xVL -'XVR) (BLVR - BLCG)/J._Z L
+ (Y, + YR)[SLCG - (8Lgp - 12 1 sin By) /12 + Np + Nop + N
+ Np + ON o
|
]
|
|
|
I
!
301-099-001 A-06
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= - - % - [
Ny = Yp (SLgg = SLR)/12 = Xyupy % Ty /12 = Xjupp * Tyyg/12
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QUTPUTS :
Subsystem-Block No. Symbol Units
MA Ft.,11.,
1, Ft.ib.
NA Ft.Lb,

301-099-001

Do e - NYECERME P T
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SUBSYSTEM NO, 15: FLIGHT ENVIRONMENT DATA
INPUTS:

A, Variables

Subsystem Block No. Symbol Units

h Ft.
GL Vo Ft/Sec

B. Constants

301-099-001 A-08 |
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EQUATIONS:

Ta = 288,15 - ,0019812 h + To
T.
6. = 2
T 288.15

T 5.255876
5 = ___a_——
T 288,15

(1 - .00000687 K)>*232876]
O % |'T - .000687 h + 6,
o = (.002378)(c")
- 1/2
Vg = 661,48 (eT)
My = Vp/Vg
v .2
cas = o6l.48|53(1+ o, {1+ %=
T o

301-099-001
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-1
OUTPUTS ¢
Subsystem Block No. , Symbol Units
FOOOOO -
. —e
(le) VCAS MPH
— Ta K -
oJefo 2 e
A-100

301-099-001

. . o
w
2
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SUBSYSTEM NO, l6: PILOT'S FLIGHT INSTRUMENTS

COCKPIT INSTRUMENT DISPLAY

Gear. Touchdown Lights

| \

e ————

J
O O O

Attitude
Deviation
Indicator

¥o. 6, @

Horizontal

Situation
Indicator

Coy Nacelle Tilt Angle
Fx Flap Position

Q.. Engine Torque

E

VT Airspeed

i Rotor RPM

W Vertical Velocity Indicator

FSAA - MODEL 301 PILOTS PANEL

h Baro Altimeter

hR Radar Altimeter

¢&V Turn and Slip
& Angle of Attack

B Side Slip Angle

g Normal Acceleration

301-099-001

A-101
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SUBSYSTEM NO, 17: ROTOR COLLECTIVE GOVERNOR

INPUTS

A, Variables

Subsystem Block No, Symbol Units.

RRM, RPM
Q
_ INT Rad/Sec

B, Coefficients

Xea ND
Kyg ND
Xy 1yt
= ND
RO
EQUATIONS :
5 ] [TBE e[ n
= e —_ o
S = Kree By * |7 T1e (mINT\
bnRO/
= s ) -
If eOG 0 then eOL/G’ eOR/G MIN{GOG’ eoc ]
max
: B < = N|B -l
| I By <0 then 6 0, B0 MIN[GOG, %c
min |
OUTPUTS :
Subsystem Block No, Symbol Units

orsc’ Porse Deg

“1.001 A-102
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SUBSYSTEM NO, 18:

ENGINES AND FUEL CONTROLS

INPUTS:
A, Variables

Subsystem Block No,

(59

B. Engine Coefficients

Kl, KZ’ K3

K

Ka’ K5’ 6

K,

K.s K.y K

8’ "9’ 10’ Kll’ K

3’ K

1 14

Q
RPT

QLPT

Units
Deg
Deg
Ft.

Ft/Sec

Psia

K
Rad/Sec

Rad/Sec

ND
RPM, RPM//HP, HP

°K

HP/Deg’, HP/Deg, HP, 1/°K, 1/Deg,

l/DegZ, Deg

tD Sec

pctmxs, pctmxp %oy T

Po Lb/ln2

T, °K
301-099-001 A-103
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EQUATIONS:

A, Power-Turbine (N2> Governor

PTG e
HPpopre = (HPpolo * T dtprg

PTG
)
. ) 9,55 % QRPT .
S RPN,
11
RPMy = 22200

II

Integration begins when |€S|-has exceeded 0,002 for th seconds,

and continues until eS < 0.002 at which time (HPRO)0 is reset

to the current HPRO’ and t is reset to zero.

PTG

dHp 100 * |e l
ROS S
—_— = i - * )
™ sign ( as) ¢ MIN {1, o tmes }c f1 (HPRO, h)
PTG
HPpopre = MIN {HPROPTG, HPROTH}
B. Throttle Control
HPROC is the commanded referred optimum HP on one engine.
< = 1 .
| If XIHR 46.0. HPR oc 50
i
if Ta < K7,
HP = K X2 + K, X + K
ROC 8 "THR 9 "THR 10
301-099-001 A-104
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If Ta > K7 s
- 2
HPpoe = L1 = Ky (T = ROIIK ) + Ky Ky = Ky ) Kg Xy
+ Ky Xy +Rygl :
t
HP dHPROT 4
HP. = (HP, ) + — dt.,
ROTH RO 0 dtTH
®p
6 = HPROTH 1
= o -
P ROC -
Integration begins when sp has exceeded 0.002 for tD seconds, 4
and continues till e < '0.002, at which time (HP_ ) . .
p - RO o S reset :
to the current HPRO, and tTH is reset to zero,
aHp, - 100 * ¢ %
— L = - . . . "ﬂ'
dtTH SIGN ( Gp)ﬁc min {1, S trp * £ (HPRO, h) i
C. &Actual Power Developed _ f-v 1
¥
Referred optimum horsepower of one engine »%‘
= HP, . = min { HP HP " |
RO ROPTG’ ROTH}
9! 2 Q
W55 % W55 % -
HP=(HPR06J§)[K1(9 55 3 RPT) +K2(9 55 RP’I‘)+K3] -
6 Reg VB RP¥gg
where RPMRO = Ké + K5 %MAX [(HPRO - Kb)’ 0.01]% |
J SV
301-099-001 A-105
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A

2
.0000461 VT

Ta

} 7/2

Ta) 0000461
0 ={— 1+
TO- Ta

2
VT}

The actual power developed by the two engines is given by:

0

(HPRO) = HP

HPR = HP * nER
= Yo
HPL HP ¢ nEL
Ter ﬂE comments
L
1 1 Beth engines operating
1. 0 Left engine out
0 1 Right engine out
° ) HPR * 550
RPT QRPT
%
HPL 550

QLPT f

ROC

LPT

Initial values: (at the beginning of simulation)

301-099-001

A-106
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OUTPUTS:
Subsystem Block No., Symbol Units
Q reT Lb. Ft.
Qpp Lb.—&
i
301-099-001 A-107

& G5 i Al

e AR .

PO WL



‘m I
‘ . S ,M '
A7 .
RTTORE LW YR AN S : ~ -
|
h BELL Use or disclosure of dala 6i his page 1
HELICOPTER comPANY subjec! to the restriction on the title page

SUBSYSTEM NO, 19: DRIVE SYSTEM DYNAMICS

INPUTS s
A, Variables
Subsystem Block No. Symbol Units
QG Lb-Ft
Q. Lb-Ft
@ CreT Lb-Ft
QLPT ) Lb-Ft

B. Constants

Symbol Units
Il Slug~Ft2
ND -

Crpr1

eINTl D
i
[
’1 !
Q
N
e
[
—

301-099-001 A-10%
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EQUATTONS ¢

Drive shaft angular acceleration,

F, (t)
o 1
£ =1

1

Fi(e) = =(Qq + Q) + Oppy (Qppp * Qpp)

Qg =0 +5

Q=0

RPT = 'R YRPTL

LPT RPT

Qyr = %R * Opp1

301-099-001

A-109
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QUTPUTS :

Subsystem Block No. Symbol Units
OR Rad/Sec
Q Rad/Sec

L /
Q d/s

@ RPT Rad/Sec
QLPT Rad/Sec

Q
@ INT Rad/Sec

301-099-001 A-110
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SUBSYSTEM NO, 20:

STABILITY AND CONTROL AUGMENTATION SYSTEM

INPUTS:
A. Variables

Subsystem Block No.

XLN
LT

PD

B —O 6

B. SCAS Gains and Time Constants

Kip (u, BMJ,.....KlOP[U, SM]

TIP’ sz"Tsp’ TAP

Ky (u, EM],.....KSY (u, aM]

TLY’ TZY’ TSY’ TAY

(Pitch Gains)

Units
Ft/Sec
Ft/Sec

Deg

In.

In.

In..

Rad/Sec

Rad/Sec

Rad/Sec
Rad
Rad

Rad

(Pitch Time Constants)

(Yaw Gains)

(Yaw Time Constants)

301-099-001
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Ky LUy B seenok o LU, B (Roll Gains)
TlR’ TZR’ T3R (Roll Time Constants)
301-099-001 A-112
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=

EQUATIONS:
A. Pitch SCAS Electronics

PSCAS = q * | K, + S K
7
[ 3p ‘STZP)(ST3P + 1) 72p

s Kip * Kop
+ - X)) ¥
(xLN LNN’ (sTlP + D(sT2P + 1)(sT3P + 1)

+ PHOLD

(s is Laplace operator)

where,
PHOLD = SIGN(PHOLD) * MIN [Im | PHOLDmax]
PHOLD = Kqp, * {57.3 % 6(t) - G ()}
+ Ky * {-u(t) + UREFD(t}} + Kgp * 57.3 % 6(t)

t
Bpepp(t) = J K,p ixbp * TFPH % [U(t) = Uppo(t)]

o)

+

[1-1FPH(t)] * [57.3 % 6(t) - .. ()]} a6

REFD.".

eREFD(o) = 57,3 % 6(0)
t -
UREF(t> =f Kyp * (1 - TFUH (t)] * [u(t) - UREF(t)J dt
(o]
UREF(O) = U(0)

PHOLD is the output from the pitch-attitude-hold and airspeed-hold circuits,
IFUH and IFPH defined on page A-115,

301-099-001 A-113
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D
Klp Klol s
- : "'\—"_—'D‘
ST INL GTyp + - (T,p s+
+-
+ 2P :
+1 +1
(sT2P >(ST3p, )
> Kq — > ,--—-.' & PSCAS
P —
0 p— 57.3 .
REFERENCE © REFD e
PITCH ANGLE Kop.
K
@ |
s
ON OFF A
-0 -l Kep PHOLD
PITCH
HOLD
| % SEE NOTE UN—
PAGE A-120
Kep |/
)\ LIMITER
U p———{¢ > —- Kgp
¥ U
REF
K?P
S
ON \ OFF SCAS ELECTRONICS PITCH CHANNEL
@ O=
SPEED * SEE NOTE ON
HOLD PAGE A-120
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IFPH = 0, If pitch-attitude-hold is Off.
= 1, If pitch-attitude-hold is Operative
IFUH = 0, If airspeed-hold is Off,

1, If airspeed-hold is Operative and if U2 102 FL/Sac

When the airspeed-hold is tripped off due to U dropping below
102 FPS, it can be re-engaged only manually after the aircraft
has reached a new trim-point,

Pitch SCAS Parameters

K

Kipy ™ Kip

1P ~ "1PU B

Kop = Kopy ¥ szaM

K.p = K * K

32 C T3PU T T3PBy,

1f IFUH = 0, K. = * K

sp = Kspuo * “seg 0

]
J

If IFUH = 1, K

sp = Kspur ™ Mo, 1

Kgp = Kgpy *Napg,

Kop

Koo, % K
9Py © TIRB,

Kiop = ¥1088,

e ey
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: l | h. ¥ ow SCAS Elcctrenics
K
\V‘ I YHOAS Foma [V YT l)%Y’l' + 1)
;" i o blZY S 3Y
A L.
. [ . [ s Ty + 1) Ky
. 4 (XPD - XF'D?%“ |(ST1Y T 1)(31‘?\’ + 1)(51‘3Y + 1)
: I + YHOLD
: where,
YHOLD = SIGN (YHOLD) MIN[l YHOLD | , YHOLDmax:\
.
v YHOLD = % -5 o
— YHOLD = Kq,, inEFD(t) 57.3 % y(t)}
B = . _ w T .oy .
P ¥ (6) j Ky * [1 = IFYH(OD % [57.3 % ¥(e) = vppo(e)] de
ff l o
Q;
X
¥ l \YREFD(O) = 57,3 % ¥(0)
l YHOLD is the output from the yaw-attitude-~hold circuit.
l IFYH = 0, If yaw=attitude-hold is Off..
=1, If yaw-attitude-hold is Operative.
u"‘“ l
Yaw SCAS Parameters
l “1v = Kive ¥ R,
= iy
l Koy = Koyu ™ ®ovg,
= %
l Kay = Kayu ™ Fam,,
‘ 301-099-001 A-116
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K
I 1y
- X v (sT, tLl>-
(Xppy ™ Xppy?® CINES) 4y
' 1y
i N
r 57,3 » Ky ?
. . = 2y (sT2Y+l)(sT3Y+l)'_|
|
g l K3y > YSCAS
v v " - 4 ) 1 K
< ' AZpp = Xpp) =—1 "oy .
5 '
¢ Y p——] 57.3 - A
i l *
REFERENCE [ ¥RerD YHOLD
: YAW ANGLE
b l
Kay v
l s
. Y L
B
' ON OFF G .
o) O Key AT :
I YAW -
- HOLD LIMITER
! SCAS ELECTRONICS
l *See Notec on page A-120 -
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If IFUH

0, Kgy = Keprio ¥ KSYBMO

If IFUH

Ly Koy = Kgyyp ¥ Ksysml

= K .
10y © “10YB,,

Roll SCAS Electronics_

, Kor

+{X . =X )* SKlR*KZR
LT LTN (sTlR + l)(sTZR + 1)(sT3R + 1)

+ RHOLD

where,

RHOLD = SIGN (RHOLD) ¥ MIN [lRHOLD L, ’ RHOLDmax ]

RHOLD = - 57,3 % @(t)} - Koy *-57.3 % ¢(t)

Ksg ™ {Bagpp(t)
t
REFD(t) -'[ Kyp * [1 - TFRH(t)] * [57.3 * o(t) - REID(t) ] dt

(o]

¢ (0) = 57.3 ¥ @(0)

REFD

RHOLD is the output from the roll-attitude-hold circuit.

0, If roll-attitude~-hold is Off.

IFRH

1, If roll-attitude~hold is Operative,

301-099-001
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SCAS ELECTRONICS
K
(Ko = X e 1R ROLL CHANNEL
LT LTN
(ST1K+1)
+
p »——i57.3 —— Kor
@TZR + l)(sT3R + 1)
KSR RSCAS
- » K
(pp ~ Xppn’ * LOR
Kor
1} RHOLD
9 »— 57.3 -
+
PREFD
Bar
s
Y
ON OFF <
(@) o Ksr " 7‘4 —
ROLL %~ =
HOLD LIMITER
%See Note on Page A-120
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Roll SCAS Parameters
“1r ™ Kiru ¥ Ky,
Kor = Xoru * Xomg *
M
K3r = K3py * Kapg
M
Kor = Xoru ™ Forg,
If IFUH = 0 = o
» Ksg = Ksruo ™ *srp 0
I£ IFUH = 1 = X
» R = Kopn ™ KSRBMl
Kior = X10r
ESAS = SIGN (PSCAS) * MIN ESASmax’ ABS (PSCASS E w
RSAS = SIGN (RSCAS) * MIN RSAS . » ABS (RSCAS) ;
ASAS = SIGN (ASCAS) * MIN ASAS_ ., ABS (ASCAS) E- T
\
#*NOTE L
ATTITUDE/AIRSPEED HOLD SWITCH LOGIC
1. Turn all holds to Off if Mag brake release depressed
2. Turn pitch and airspeed holds Off if long stick is out of force detent,
3, Turn roll and yaw holds Off if Lat stick or pedal is out of force -
detent.
L Y
301-099-001 A-120
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OUTPUTS:
Subsystem Block No, Symbol Units
(82) ESAS Inch .
RSAS Inch
ASAS inch
Lo
5
3
-
: ‘
!
‘-
. |
_
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APPENDIX B

INPUT DATA FOR MODEL 301

TILT ROTOR RESEARCH AIRCRAFT

B st &8
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TABLE I - MODEL 301 CG AND INERTIA DATA

DESIGN GW = 13000 1lbs
Aft CG Fwd CG
SLCGle= 0 301.2 291.7
=0
BLCGle 0 0
WLCGle= 0 81.65 81.65
IXX‘IBm: 0 42379 42379
Loyl B = © 14230 14351
I|Bm= 0 49459 49580
Fixed and water
15000 bailist (aft tanks
SAA AL only
,r ;7 V AN 7 '
r/ /giﬁd and water /;7/ -
14000 / / /// ﬂ//{.a.SE 20 / /
K7y 7 0% % 97
/ [// //// %%
13000 f b Water ballast >U }
£ | i |
§ 12000 [ 4 ‘2'\(\ [ -
. | |
&= 1
= ' | : !
2 11000 i 4 X :
@ I !
4 l H Airplané i |
® 10000 / ' Linies % 4
jl Jl Helicopter / L |
I v limits f
9000 | whﬁels up
j Helicopter __
H limits
T " wheels down
vos L. , [ 11
287 289 291 293 295 297 299 301

Fuselage station, inches

301-099-001
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ITEM

Fuselage

Center of pressure

Wing-Pylon
Center of pressure

Area

Span

Chord —
Sweep

Aspect Ratio
Trailing Edge

TABLE IT-AIRCRAFT DESIGN DATA

SYMBOL

SLF
BLF

Horizontal Stabilizer

Center of pressure

Area
Span
Chord
Leading Edge

Vertical Stabiiizer

Center of pressure

Number of Panels

Area (Per Panel)

SL
H

BLH

WLH

M301
VALUE

293,0 In.
0.0 In,
84,0 In.

291.17 In.
102.5 1In,
95.85 1n.
181.0 Ft? . _
32,17 Ft.
5,225 Ft.
6.5

5.7

Deg.

560,0....In,
0.0 1In.

103.0 In.
50.25.Et.2.___.
12,83 Et.
3.92 Ft.

548.25 1In.

570.02 In.
77.0 1In,
115,69 1In.
2.
25.25 Ft.>

301-099-001
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M301
ITEM SYMBOL VALUE
Vertical Stabilizer (Continued)
Span bV 7.68 Ft.
Chord cV 3,725 Ft.
Leading Edge SLyLE 555.1 1In.,
Rotors
SLSP 300.0 1In.
Location_of Shaft Pivot Point BLSP 193.0 1In.
WLSP 100.0 1In,
Number of Blades Per Rotor n, 3
Radius R 12.5 Ft.
Chord . Cp__ 1.167 Ft.
Mast Length ZM 4,667 Ft. . .
Pitch-Flap Coupling 63 -15.0 Deg.
Solidity c 0.089
Lock Number Y 3.83
Direction of Rotation
~-inboard. tip motion-helicopter/airplane Aft/Up
Rotor RPM
Helicopter 565 RPM
Conversion 565 RPM
Airplane 458 RPM
Blade Flapping Limits +12 Deg. - )
Flapping Inertia per Blade I 102.5 Slug-Ft.
Flapping Spring Rate/Rotor KFA/’KLAT 225.0 Ft-Lb/Deg.
Blade Twist Distribution: Xy? 9M
),
XMO’ eMO 1.0, 0.0
le’ eMl 0.6,10.2
xMZ’ eMZ 0.5333, 12.3
1
XMB’ em 0.4667, 4.5
XMA’ eMA 0.4000, 17.75

301-099-001
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ITEM

Rotors (Continued)

Angle of outboard tilt of mast axis
Helicopter
Airplane

Conversion range

leon

Center of Gravity

Weight (Two pylons)

Inertia (Per pylon)

LandingﬁGear

Main Gear Coordinates

Mose Gear Coordinates

=T P

{ simulation.

J87a

SYMBOL

XMS’.eMS
Xvo? Oio
Xy7? Oy
Xvs’ Cus

XMo® Ono

Xu10,%M10

M301
VALUE

0.3333,

0.26067,

0.2000,

0.1333,

0.0667,

0.C

21,90

26,15

30.65

34.65

38.00

40.90

1,0% Deg.

0

-5 to + 90 Deg.

291.7 1In.

193.0
118.0
3986

431.0 Slug-Ft.>

Deg.

In.

In,

Lbs.,
8l.4 Slug-Ft.g

380.0 Slug-Ft. >

324.0
54,75
7.40

139,0

0.0
4.95

In,

In.
In,
In,
In,

In.

#The builtin dihedral of the pylon is 2.5 degrees; in hover elastic deformation
rcdices the dihedral to 1.0 degrec, 0° was erroneously used during Phase I

2N1-099-001
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Item Symbol M301 Value
Pilot Control Limits
o l ti i . (3
T Collective Stick XCOL 12,0 In
B Longitudinal Stick XLN 4,8 In,
t 1 Stick 4, .
Latera tic XLT 4.8 In
dal *2, "
| Peda XPD 2.5 In
%, l Blade Pitch Governor Lever 7.5 In,
.t
h .
g SCAS Actuator Limits
R Longitudinal ESAS 1.54 In.
S max .
" %‘ [ Lateral... ASAS 1.54 In.
. max
ff Pedal RSAS 0.8 In.
i max
4 Pitch Attitude Hold PHOLD 0.77 In.
':,"i ‘ max J
?’ Yaw Attitude Hold YHOLD 0.4 In.
4 max. . ..
v Roll Attitude Hold RHOLD 0.77 In.
. max
‘ Engine Ratings :
2 Min, Contingency 1760 HP-... ¥ v
10 Min. Takeoff 1550 HP
30 Min, Military 1400 HP P
Normal Rated 1250 HP ?ﬂ
I's
- e Pilot Station Coordinates i
SLPA 215,25 1In,
i ; 0 . - T
Pilot Station BLPA 17,00 In
WLPA 50,5 1In. P
301-099-001 B-6




h BELL Use or diaclosisre of dald o oo e
HELICOPTER comPAany subject o e ce e et - Hoe Bl
SUBSYSTEM NO. l: MODEL 301 ROTOR AERODYNAMIC DATA
Equation Constant M301 Valuc
[
aR,L a5 5.88
a; 9.20
2, 20,0
c ) 0.002
deL,R 0
61 -.01
) .
5 0.50
QgL B 0.97
T — . £ _.
Tr,L g - £ s T
0 .0l46
057 NN
Al L0144
171 ,0138
.228 .0132
. 285 .0127
«342 0125
.399 .0123
456 0122
v
X - f
R, 1 sS (“)Oo, 04,08 12 .16 .20
) = 0‘4
i = \
-.08 " age——
301-099-001 B-
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Equation Constant M301 Valuc
Blade Twist X 5 Sce Table TI
Constants Ki' mi’ “mi
jm
TD3 ’L‘AN_G.3 0.268
Y' I 102.7 Slug-Ft2
CKFAR Kpa 225 Ft-Lb/Deg
CKLTR KLT 225 Ft-Lb/Deg
301-099-001 B-8
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SURSYSTEM NO. 2: MODEL 301 AFRODYNAMIC DATA
Equation Cons*ant M301 Value
Kl 0
K ]
K3
Kb._ Y
wi[R/H hy - .5838 .
hl Q01158
h2 .5967
h3 ,002547
h -2.2519
4 2.25
301-099-001 B-9
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SUBSYSTEM NO, 3:

MODEL 301 FUSELAGE AERODYNAMIC DATA

Medel 301

Equation Constant valuc
LF LO 7,23
Ll 0.905-
DF D0 1.56.
D, 0.
D2 0,036 For
Flaps Up
Otherwisc = 0
D3 0.0023
D4 125,
M% MO -146.,6
M, 17.8 (op< 8°)
MZ 9.3 —
M, -f (ozF) (Table F-1)
Y% YO 0. -
Yl -1.44
Y2 0.
1% lo 0.
l1 -7.5
N% NO 0.
vam -23,5
301-099-001 B-10
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RIS

|

TABLE FI FUSELAGE PITCHiNG MOMENT COEEFICIENT (Ma)

@ p M o
-40 ~282
-36 -282
-32 -282
-28 -282
-24 -282
-20 -282
-16 -282
-12 ~320
-8 -287
-4 -217
0 - 146
-75
8 -11.3
12 -56.5
16 94,1 ..
20 -112.9
24 -112.9
28 -103.5
32 -75.3
36 ~75.3
40 -94.1

301-099-001
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SUBSYSTEM NO. 4: MODEL 301 WING-PYLON AERODYNAMIC DATA
Equation Constant M301 Value
BiweL )
LiwpL r Cpr =£.<°,£1|w/o,w By Foo My) Tables WI, WII
L /
LW'P. CLé = f(Fx) Table A III
a
DiWPL
D, C , Tables W III, W IV
iWPR DWP = fo FIW / O"W BM, Fx, MN
Dyp
MOWP cMO = f(Fx) +0,051 Fl( 0/0 )
WP -0.057 -~ F2(40/25)
+0.085 -~ Fq('28/-l7.5)
0 30 60 90
0
E .05
Q‘ .10 ]
W15
Aa/roT Ra/ror = £ "
0 04 ,08 .12 .16
0
3 >4 -
2 N
.08l
301-099-001
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Equation Constant M301 Value

W/H eu/u = £

w/ozw B, Fy)  Table WV

Vsl = 0

C My =0

CYr \MN =0 0

1! c
WP lﬁ‘\ ¢, - 0

My=o0

- f(Fx, BF, BM) V-ijle W VI

e .
t ST

. . : DS s "% »,gw ’!Qo}&:ﬁr?&?}ﬁh M ) .
I

- y“ )'P\
SIS

e = £(F,, BF, BM) Table W VII

5
=

clp . |
CL =
Ly

1 0.27

ACl -.0016

%\ 5
EF

& . -~
va/d F 0.45

301-099-001 B-13
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Equation Constant M301 Value
N' C
WP ¥ _ -,0315
lc =0
My =0
C 0.
2
C =
typ/ | My = 0
c
n'r - 016
iy
C -‘32-
n
T
CDO
WP ]
1 —
IWP Kléa = f(a'w, BM’ Fx) Tavle A II
C 0.005
l6a Fl .
a < 8
¢ o
N, “n -.06 ‘f
p ' g
c s
P M'N =0 "i ’
K 1.0 N
n .
p 1.
Kno, = £(Fer By Table A IV
Kn6 = f(Fx’ ﬁM) Table A IV
a
- o g
301-099-001 B-14
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" ' TABLE WI WING-PYLON-LIFT COEFFICIENT (C..)
| l FLAP SEITING (F,) F, (0/0)
MAST ANGLE (B,) AIRPLANE (90°) HELICOPTER (0°)
‘ MACH NUMBER (MN) 0-.2 A .5 6 0-.4.
| Tl %
~40 -.93. -.68
' -36 -.84 -.58
~32 -84 Not -.57
I -28 -89 Defined Not -.62
-24 -1,00 Defined Not -.72
' =20 | -1.15 -84 Defined -.88
-19,5| -1.15 - .86 -.88
l -16 -.95 -ou | -.675{ -.49] -.73
-15.5| -.91 -945 | -.687]  ~.49 | -.70
13,0 ~-.75 -.85 -.805| ~.50| =.57
l -12 -.67 ~772| -.800| -.50| -.50
-11 -.60 -.68 -.795| -.50| ~.45
l | -8 -.383. |  -u18 - 445|  -.46 | -.272
-4 | -.0025| -.075| -.094| -.109 -.045
l 0 .257 .260 .272 200 .183
- .577 610 .630 690 412 :
l .88 960 | 1.00 925 640 v
11 | 1.10 1,23 | 1.10 943 800 ?
12 1.19 1.28 1,09 L9401 .870 : .
l 13 1,26 1.29 .930 P
1o | 1.48 1,23 1,095 ‘
' 17 1,50 Not 1.100 I
- 20 1,38 Not Defined .98
' 24 1.22 Not | Defined .80
28 1.20 Defined .78 .
l 32 1,27 .86
36 1,40 .98 -
40 1,46 1.06
‘ -
301-099-001 B-15
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TABLE WII WING-PYLON LIFT COEFFICIENT (C ) .
FLAP SETTING (F ) F, (40/25) F, (75/47) Fy (-28/-17.5)
MAST ANGLE (B,,) 90" 0" 90"~ 0" 90" 0°
WACH NUMBER (M) M. = 0 - .40
%lw/ %
~90 0 0 0 0
-80 325 | -.245 | -.235 | -.190
-70 -.520 | -.400 | -.385 | -.30%
-60 610 | -.480 | -.450 | -.333
-50 -.590 | -.420 | -.390 | -.220 i
-40 2,410 | -.205 | -.240 | -.105 | -1.17 -.9%.
-36 400 | -.250 | -.220 | -.090 | -1.08 | -.83
-32 425 | -.200 | -.240 | -.005 | -1.06 -.805
-28 2515 | -.300 | -.275 | -.120 | -1.11 -85
-2 20660 | -.380 | -.340_] -.160 | -1.21 -.945
21,5 -.690 | -.440 | -.400 | -.210 | -1.,31 | -1.03
21,0 | -.680 | -.440 | -.400 | -.210 | -1.33 | -1.06
-20 ~640 | -.395 | -.37 | -.188 | -1.37 | -1.10
19,2 | -.580 | -.360 | -.310 | -.140 | -1.38 | -1.12
-16 -.320 | -.165 | -.048 040 | -1.23 | -.95
-12 0 0628 .272 268 | -.95 -.73
-8 ,320 .291 .591 496 -.68 | -.502
-4 L6k ,581 .910 724 | -.3843 | -.275 .
0 .9 769 | 1,237 952 | -.0643| -.0460 :
4 1.24 975 | 1,460 | 1,170 |  ,2557 .182 e
8 1,49 1,205 | 1.680 | 1.390 ,5757 408 )
11,0 | 1.68 1,380 | 1.80 1.50 ,770 .590 . A
12 1,75 1,433 | 1.79 1,47 840 ,638 ,
13,6 | 1.80 1,500 | 1.71 1,39 ,950 .730 :
16 1,70 | 1.400| 1.60 | 1.24 | 1.10 864 -y
18,4 | 1.56 1,260 | 1.49 1.16 1.20 ,950
20 1,51 1,200 | 1.46 116 | 1.15 ,890
2 1,48 1,15 1,46 1,16 .93 ,680 .
28 1.48 1,20 1,54 | 1.29 \87 630
32 1,69 1,32 1.0 1,38 .91 ,680 -
36 1,76 1,41 1.78 1,44 | 1.05 ,80 |
40 1,80 | 1.47 | 1.80 | 1.48 | 1.14 .59 .

301-099-001
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TABLE WIII WING-PYLON DRAG COEFFICIENT (CDWP)

FLAP SETTING (F,) F, (0/0)
MAST ANGLE..(B,,) 90° 0°
MACH NUMBER (MN) 0-.2 b .5 b 0-.2
%y [ %
-40 .575 .685
-36 .505 Not .635
-32 .425 | Defined Not .580
-28 327 Defined Not 322
-24 .230 312 Defined 450
-20 .150 175 225 .320
-16 089 .089 .135 . 240 . 295
-12 042 .042 050 .110 246
-8 .025 .0250 025 .052 .219
4 .0170 .0170 .0170 040 .212
.0170 .0170 0170 . 040 212
.0353 .0353 .0353 ,0555 .231
8 .0602 .0602 .0700 .1150 .262
12 .1000 .1i00 . 1500 . 2500 .300
16 .1620.| .1850 . 2800 354
20 . 247 .3050 436
24 .354 .500 Not 512
28 493 Not Defined . 580
32 600 Not Defined B42.
36 660 Defined 6938
40 .705 748

1-091-00]
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TABLE WIV WING-PYLON.COEFFICIENT (Cprm)
FLAP SETTING (F,) F, (40/25) F,[75/47) pﬁfé-zs/-17.5)
MAST ANGLE (B) 90~ 0 90"~ 0° 90 0
MACH NUMBER (M) My =0 - .4
%y [% |
-90 1.18 .93 1.145 | .90
-80 1.10 .91 1,050 | .828
-70 .93 .855 .89 .822
-60 .705 | .775 67 .740
-50 565 | .665 .507 | .640
-40 430 | .540 450 | .550 622 734
-36 .335 | 468 .400 | .525 .566 .682
-32 245 | 405 .350 | .500 .500 | .632
-28 180 | .352 .309 | .480 430 .575
-24 130 | .310 278 | 462 345 502
-20 .090 | .282 .260 | .450 .255 422
-16 .065 .263 V263 | 440 .186 .350
-12 .058 | .253 . 246 445 .130 .298
-8 L063 | .254 201 | L464 .086 V267
-4 081 | .282 288 | 494 .055 . 248
0 .109 .313 .328 | .536 047 .239
4 148 | .35 378 | .590 L0471 | 243
,200..| .410 Jab4 | 658 0653 | .258
12 275 | 490 530 | .728 .0950 | .284
16 380 | .566 £42 | .789 .138 .332
20 528 | 630 .730 | .839 .195 402
24 630 | 690 .790 | .880 . 287 476
28 710 | 748 .838 | .920 AT .540
32 J764 | 800 883 | .955 .510 .600
36 .805 | 845 .950 | .985 .583 648
40 .865 | ,888 1,025 | 1,015 640 .695
|
|
_ 1-799.001 B-18

e

ke u,tu*i‘," Gk

AN




. (e
., v il

O e Cadt i il

B 7 e i e

h BELL

F HELICQPTER comMPANY

DR LA {0 N

S
Yo,

i .

YRR
Use or disclosure of data on this pare 1y

subject to the restrichion on the htie page

TABLE WV WING WAKE DEFLECTION ON HORIZONTAL STABILIZER (ew/[{)

MACH NUMBER (M) M= 0 - .2
FLAP SETTING (Fy) P, (0/0) F,(40/25) [F,(75/47) [F,(-28/-11.5)
[+3
L AIRPLANE MODE (By = 90°)
~90 0 0 0 0
-25.0 0 0 0 0
-17.94 0 0 2,40 0
-8.82 0 2.00 5,48 0
-2,353 1.92 4.38 7.70 0
0.0 2.52 5.25 8.50 .800
12 6.00 9.90 12,58 4.88
13.8 6.50 |-- 10.75 12,80 5.70
16 7.18 11.40 12,35 6.24
16.5 7.40 11.40 12.10 6.40
18.8 7.20 10.60 11,10 6.80
20 6.7 10.00 10. 40 6.55
24 4,20 6.50 7.10 4,00
28 0 0 0 0
40 0 0 0 0
HELICOPTER MODE (B,, = 0°)
-90 0 0 0 0
-28.65 0 0 0 0
-22,15 0 0 0 0
-17.8 0 0 0 0
-15.5 0 0 0 0
-12,41 0 1,2 2.0 0
-7.6 0 3.2 3.75 0
~2.9% 2.0 5.0 5.4 0
0.0 3.1 6.15 6.3. 1.00
8 6.3 9.25 9.2 3.72
12 7.8 11,00 10.7 5.08
13.0 8.30 11.40 11.0 5.40.
14.8 9.00 11.95 11.5 6.00
16.0 9.6 11,90 11.4 6. 44
301-099-001 B-19
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TABLE WV WING WAKE DEFLECTION ON HORIZONTAL STABILIZER (CONT)

F, (0/0) F,(40/25) [F,(75/41) |F,(-28/-17.5)
“w
HELICOPTER MODE (CONT)
18.0 10.00 11.20 11.2_ 7.00
20 9.30 10,20 — | 10.20 6.70
24 6.00 6.80 6.80 4, 20.
28-40 0 0 0 0

301-099-001
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TABLE W VI -~ WING~PYLON DIHEDRAL STABLILITY

AT C. =0 {C C, = 0 |PER RAD,
hup I%JML =0
N
FLAP 51(0/0)&F4(-28/-17.5> F,  (40/25) F, (75/47)
SIDESLIP/B,/[ © 5 10 0 | 5 10 0 5-1 10
By o
0 -,06 | -,065| +,045 |-.2 | -,094| -,045] ~,223 | -,015} -,125
30 -,032.| -,061| -,02 |-,079| -.074| -,147 | -,085 | -,087 | -,225
60 -.021| -,051| -.052 |.067 | -,052| -.148| -,008 | -,088 | -,222
90 -,025| -.025| +.035 |-,11 | -,025| -.025| 4,033 | -.04 _| -.08
TABLE W VII - WING-PYLON DIHEDRAL STABILITY
AS A FUNCTION OF WING LOADING [C,. /C;, ]
ap wp
FLAP Fl(O/O)&Fq(-ZS/-l7.5) F, (40/25) Fy (75/47)
SIDESLIP/B./ O 5 10 0 5 10 0 5 10
By
0 0 0 0  H.105| +,013| +,035 | +,104 | -, 045 | +,110
30 +,049 | +,079 | -, 016 H.069 | +.062| +.062 | +.049 | +,047 | +,107
60 +,039 | +,071 | -,018 H,032 | +,061| +.058 | -,013 | +.055 | +.082
90 -,065| -,065| O 0 |-.085|-.065]-.,043 |-.045] O
301-099-001 B-21
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TABLE.AIL_AILERON_EFFECTIVENESS (C16 a )
c, = .005/deg <g°
L. %
Where 6a = (él-br)/Z
for 6F =0/0; (Fl)
BM = 90°; (Airplane)
TABLE AII AILERON EFFECTIVENESS CORRECTION o
FOR FLAP AND MAST (K, ) FOR aﬁ<ls |
82
Flap Mast .. (D
Setting Angle 18a
Fy 0° .68
90° 1,00
F, 0° .66
90° .73
F, 0° 45
90° 34
F, 0° 67
90° .90
= X == o
(Kléa oe W 257)
(1) Straight Line Variation with Mast Angle
TABLE AILI AILERON EFFECT ON WING LIFT (CL )
da
Flap Mast C
Lda
Setting Angle (per Deg)
F1 All 0
F All 0
! 2
i Fyq All 0
F4 All 0
301-099-001 B-22
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TABLE AIV AILFRON YAW (Cn )

da

R8a n06 néa L 16&
Where: ‘
Flap Mast K K.
Setting Angle & da
Fy 0° .00046 -.0348
30° .00092 -, 0354
90° .00143 -.0238
F, 0° .00046 -.0137
30° .00109 -,0052
90° ,00103 ~. 0137
Fy o° -,00003 -.0232
30° .00035 -.0050
90° .00029 -.0157
F, 0° 0 -.0205
30° 0 -,0301
90° 0 -.0215

301-099-001
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SURSYSTEM NO. 5: MODEL 301 HORIZONTAL TALIL AERODYNAMIC DATA
‘ Fquations Constant M301 Value
<
’ L Te 040 for My 1.0
(For lift) . 0.565 for MN > 1,0
1% 0.
g HD Te 565
l (For drag)
i' The effect is include
’:ﬂ ' 9 —_ T]H 1 [in calculating SW/H dj
k I L C. = f(o ,86 ,M.) Tables HI, HII
. C -.0017
g DH CD = f(aH, MN) Table H IV
ko H N
: 1
P t
5, o« K, = £(6 , M) Table H III
@ l
" ' v
l X
o
!
|
| (
-
B-24
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TABLE HI HORIZONTAL STABILIZER LIFT.CORFFICIENT (CLH)

ELEVATOR ANGLE — 0° 10° 15° | 20° -10° | -157 ] -20°
MACH NUMBER My = 0 - .2
*y
=90 0 0 0 0 0 0 0
-80 -, 425 -, 560 -.580 -.600 -,360 -, 285 -,220
-70 -,720 -.865 -.890 -.920 -.600 -.490 -, 380
-60 -.900 | -1,060 | -1.,090 | -1,120 -.770 -,640 -.510
-50 -1.002 .| -1,175 | -1,205 | -1.240 -.890 -, 745 -.600
-40 -1,050. | -1.240 | -1,260 | -1,300 -,960 -.800 -.640
-36 -1.030 | -1.230 | -1.255 | -1.290 -.890 -.735 -.600
-28 -1,010 | -1,210 | -1.,240 | -1,280 -.840 | -.680 -.560
=24 -.980 | -1,185 | -1.220 | -1.260 -.780 -.615 -.500
-20 -,930 | -1.160 | -1,198 | -1.235 -,690 -.500 -, 420
-18,4 | -,920 | -1,200 | -1,210 | -1,240 ~.660 -.540 | -.480
-17.5 |-.930 | -1.260 | -1,250 | -1.250 -.710 -.565 - . 450
-16.8 | -.990 | -1.310 | -1.290 | -1.31C -.740 -.550 -, 420
-16,0 1,12 -1,40 -1,330..| -1.330 -.710 -.510 | -.380
-15.6 k1,10 | -l.44& | -1,380 | -1.350 ~.700 -.480 | -.350
-14,2 |1,01 -1,40 -1.55 -1.450 -,610 | -.400 -.270
-12,5 |-.880 | -1.31 -1.49 -1.60 - . 480 -.280 -.150
-12 -.852 | -1,260 | -1.,464 | -1,59 - bbb -.240 | -,110
8 .568 .160 -.044 -.18 976 1.180 1.330 .
12,0 .850 L 4b2 . 240 .100 1.250 1.420 1.500 {
12,2 .860 L 450 . 260 .120 1,270 1.430 1,480 ‘?"
13.0 .920 .520 .330 .170 1,30 1.370 1,450 2
15,0 | 1.0 .650 .450 | .290 1,200 1.270 1,360 &'.
16.0 .98 690 475 . 320 1,160 1,240 1.320 ¥ '
16.8 | .94 700 | .40 | .3s0 | 1.150 | 1.200 | 1.320 ;
18,0 .89 .680 .500 .370 1.130 1.220 1.340 é.
20 .88 .600 465 . 380 1.180 1,280 1,380
24 .935 ,660 455 .330 1.300 1.380 1.440
28 1,00 730 .500 . 380 1.370 1,440 1.500 -
32 1.05 .780 . 540 . 400 1,430 1,490 1,540
36 1,08 .820 . 560 410 1,470 1,535 1,570 -
40 1,10 .840 .570 410 1,510 1,560 1.590
[

301-099-001
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TABLE HII HORIZONTAI, STABILIZER LIFT COEFFICIENT (CLH)

ELEVATOR ANGLE 6 = 0°
MACH NUMBER (MN) 0 - .2 o4 S .0
“i ! | |
=20 -.930 Not Not Not
-16 -1.12 Defined Defined Defined
-12,2. -.870 -.9%
-12,0 -.852 -.92
-8.8 -.630 -.680 -.72
-8.,0 -..568 -.620- -.660 -.50
-6,5 - 460 -, 500 -.540 -.55
-4,0 -.284 -.310 -.330 -.350
0 0 0 0 0
4,0 . 284 .310 .330 .350
4,2 .310 .330 . 340 . 390
8.0 . 568 620 .600 . 440
16.5. .820 .800 .570
12,0 .850 .798 . 560 Not
15,5 1.00 &ot &ot Defined
16.0 .980 Defined Defined
20,0 .880

TABLE HIII - ELEVATOR/RUDDER EFFECTIVENESS (Te/Tr)
CORRECTED FOR MACH NO, AND DEFLELTION EFFECTS

ELEVATOR MACH
ANGLE - DEG NUMBER Ke OR K,
£15° 0-.2 1.0
" ,965
. .950
.6 ,930
£15° 0-.2 1.7
$20° .920

301-099-001
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TABLE HIV HORIZONTAL STABILIZER DRAG CORFFICIENT (Cp )
ELEVATOR ANGLE 5 =0
MACH NUMBER (M) 0-,2 Vb .5 .6
%1
=90 .92
-80 91
-70 .87
-60 .81 NOT
-50 .72 DEFINED NOT
-40 .60 DEFINED NOT
-36 54 DEFINED
-32 T
-28 .39
24 .30
-20 .20
-16 .15 .135
-12 .068 .063 .088
-8 .035 .035 .035 . 045
~4. .015 015 .015 Q15
.00875 .00875 .0C875 .00875
.015 .015 .015 .015
.035 .035 . 045 . 065 P
12 ,068 ,075 .105 :
16 JA15 | 145 3..
20 .20 NOT i
24 .34 NOT DEFINED ]
28 .48 NOT DEFINED i
32 .61 DEFINED ?
36 .72 )
40 .80 *
L
301-099-001 B-2
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SUBSYSTEM NO. 6: MODEL 301 VERTICAL FIN AERODYNAMIC DATA
l Equations Constant M301 Value
@ e o
4 l VL,R (1 . %EF) = £(B, By Fyr o) Tables V IV, V V, V VI
K.o=f (8 Table H IIT
n; l Pyve,r & PyoL,R K= F O My able
e 0.1
A - .
l dp
X 0.0
| * |
1 a
VL,R 'qv 1
l YVL,R CYV= f(Bv, ér, MN) Tables VI, VII
l Dyr. CDV=f(BV, 5.0 M) Table V III )
1
| D
. 4
*
I 2
l |
| -
l ) e
‘ 301-099-001 H-2-
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TABLE VI VERTICAL STABILIZER LIFT COEFFLCLENT (Cy )
RUDDER ANGLE 0° 10° 20° -10° -20°
MACH NUMBER Moo= 0 - .2

By
-90 0 0 0 0 0
-40 -1,0 .96 -.92 -1,07 -1.11
-32 -.93 -.84 -.82 -1,02 -1.12
-28 -.94 -.90 -.87 -1.02 ~1.09
-26 -.98 -.93 -.91 -1.07 -1.11
-24. | -1.03 -.98 -.92 -1.11 -1.15 :
-22 -1,05 -.98 -.85 -1.14 -1.19
-20 -1,05 -.88 - 74 -1.15 -1.22
-18 -.96 -7 -.64 -1.14 -1.24
-16 -.86 -.66 -.52 -1.05 -1.18
-12 -.635 - .45 -.30 -.84 -.99.
-8 -.425 -.225 -.09 -.63 -.76
8 425 ,625 .76 .23 .10
12 .635 .84 .99 A .31
16 .86 1,05 1,78 .66 .52
18 .96 1.14 1,24 77 .64
20 1,05 1,15 1,22 .88 4
22 1.05 1.14 1.19 .98 .85
24 1.03 1,11 1.15 .98 .92
26 .98 1,07 1,11 .93 .91
28_ .94 1,02 1,09 .90 .87
32 .93 1,02 1,12 .84 .82
40 1.0 1,07 1,11 .96 .92
90 0 0 0 0 0
301-099-001 B-20
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TABLE VII VERTICAL STABILIZER LIFT COEFFICIENT (CYV)

RUDDER ANGLE 6r = 0°
MACH NUMBER (M) 0-.2 b .5 .6
Bv
24 | -1.05 NOT NOT NOT
22 -1.05 DEFINED DEFINED DEFINED
-20 -.96 ,
~16 -.86. -.60 - .45
-12.. -.635 -.60 =45 . -.32
-10 -.52. -.575 - 445 -3
-8 - 425 -.52 - b4 -.34
-6 -.33 -.43 - . 405 -.33
A -.22 -.30 -.32 -.30
0 0 0 0 0
4 .22 .30 32 .30
.33 .43 405 . .33
8 425 .52 A .34
10 .52 .575 445 .34
12 .635 .60 .45 .32
16 .86 .60 .45
20 .96 §0T &0T NOT
22 1.05 DEFINED DEFINED. DEFINED — ..
24 1.05

301-099-001
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TABLE VIII VERTICAL .STABLLIZER DRAG .COEFFICIENT (CDV)

RUDDER ANGLE 6 =0
MACH NUMBER (My) 0 - .2 A .5 .6
By
-90 .800
~40 .600
"3 +390 De??ied
~28 1433 Not Not
-24 . 290 Defined | Defined
-20 162
-16 .080 .165
-12. . .040 .0750 . 100 . 160
-8 .0120 .0220 .0350 .060
-4 .0070 .0070 .0075 .010
0 .00355 .00355 .00355 .00355
4 .0070 .0070 .0075 .010
8 .0120 .0220 .0350 .060
12 .040 .0750 . 100 .160
lo .080 165
20 162 o Not
24 .290 Defined Defined
28 435 Not
32 +550 Defined
40 .600
90 .800
301-099-001 p-71
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TABLE VV SIDEWASH FACTOR (1 - %%—) FOR FLAPS T,
P
FLAPS F, - (40/25)
SIDESLIP ANGLE prl - DEG

Py *F 0 4| 8 12 16 20 >50

DEG DEG » to

50

o T <-22.0 | 1.o] L.o | 1.0 | t.0 | L.0 [ 1.0 1.0- ]
3.2 | 1.0 1.315{ 1.26 | 1.185| 1.1 .| 1.059 1.0
1.0 | 1.0| 1.228 | 1.208| 1.12 | 1.045| 1.0 1.0
7.3 | 1.0] 0.89 | 0.91 | 0.86 | 0.809| 0.86 1.0
13.5 | 1.0] 0.535| 0.59 | 0.3% | 0.443| 0.678 1.0
> 28,0 | 1.0 1.0 | 1.0 | 1.0 | 10 | 1.0 1.0
30 | €-21.0 | 1.0l 1.0 | 1.0.{ 1.0 | 1.0 | 1.0 1.0
3.1 | 1.0| 1.065| 1.027| 1.055| 1.14 | 1,055 1.0
1.1 | 1.0/ 1.1 | 1.115] 1,058 | 1.12. 1.065 1.0
7.4 | 1.0| 1.025 | .935| .o72] .882| .86 1.0
13.6 | 1.0| .884.| 0.82 | 0.629 | 0.456| 0.689 1.0
> 28,0 | 1.0 1.0 |10 | 1.0 | 1.0 |1.0 1.0
60 | <-19.5 | 1.0{ 1.0 | 1.0 | 1.0 | L.0_|1.0.. 1.0
3.0 | 1.0] 1.02 | 1,03 | 1.08 | 1.117] 1.04. 1.0
1.2 | 1.0| 0.945| 1.07 | 0.998 | 1.05 | 1.09. L.0.
7.4 | 1.0] 1.03 | 0.985| 1.015| 0.95 | 0.908 1.0
13.6 | 1.0| 0,915 | 0.9 | 0.8 | O.61 | 0,745 1.0
> 2.0 | 1.001.0 |10 | 1.0 | 1.0 |10 1.0
9 | <-18.0 | 1.0{1.0 | 1.0 | 1.0 | 1.0 |1.0 1.0
3.1 | 1.0] 1,07 | 1121 1.6 | 1.072] 1.04 1.0
1.2 | 1.0]0.984 | 1.15 | 1,09 | 1.05 | 1.064 1.0
5.4 | 1.0] 0.982 | 1.035| 1,03 | 0.993| 1.015 1.0
14,0 | 1.0] 0.842 | 0.74 | 0.77 | 0.695| 0,725 1,0
> 28.0 | t.0l1.0 |10 | 1.0 | 10 |1.0 1.0
301-099-001 B 77
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TABLE VVI SIDEWASH FACTOR (1 -%g-—-) FOR FLAPS-Tq4
F

FLAPS F3__ (75/47)
By @ i SIDf SLIP :NGLEligl- ui?i_ . —
DEG DEG ' to
. 50
0 < -30.0 1.0 1.0 | 1.0 1.0 1.0 1.0 1.0
-3.1 1.0 1.8 | 1.22 | 1,155 1,105{ 1.048| 1.0
1.2 1.0 | 1.128| 1,185| 1.125| 1.045| 1,01 | 1.0
5.3 1.0 | 0.846| 0,99 | 0.948| 0.92 | 0.862( 1.0
13,5 1.0 | 0.335| 0.65 | 0.44 | 0.51 | 0.65 | 1.0
2 28.0 1.0.| 1.0 | 1.0 1.0 1.0 1.0 1.0 .
30 < -29.0 1.0 1.0_| 1.0 1.0 1.0 1.0 1.0
-3.0 1.0 | 1,05 | 1,072 1.14 | 1,135{ 1.08 | 1.0
1.3 1.0 | 0,979| 1.01 | 1,105| 1.1 1.035| 1.0
5.5.] 1.0 | 0.82 | 0.862| 0.998| 0.986| 0.9232| 1.0
13,5 1.0 | 0.65 | 0,72 | 0.7 0.52 | 0.78 | 1.0
2 28.0 1.0 | 1.0 | 1.0 1.0 1.0 1.0 1.0
60 < -28.0 1.0 | 1.0 | 1.0 .| 1.0 1.0 1.0 1.0
-3.0 1.0 | 1,025| 1,082 | 1.15 | 1.115| 1.075| 1.0
1.3 1.0 | 0,915| 1.005 | 1.1 1.1 1.04 | 1.0
5.5 1.0 | 0.855| 0,90 | 1.015| 0.955| 0.995] 1.0
13.5 1.0 | 0,73 | 0.8 0.8 0.61 | 0.82 | 1.0.
2z 28.0 1,0 | 1,0 | l.0.. | 1.0 1.0 1.0 1.0
90 < -26.0 1.0 | 1.0 [ 1.0 1.0 1.0 1.0 1.0
-2.9 1,0 | 1,058 1,15 | 1.145| 1,075} 1.04 | 1.0
1.3 1.0 1,0 | 1,12 | 1,12 | 1.5 | 1.088| 1.0
5.6 1.0 [ 0,905| 1,005 | 1.03 | 0.99 | 1,028| 1.0
13,5 1.0 | 0,782 0,76 | 0.72 | O.66 [ 0,71 | 1.0
2 2.0 1.0 | 1.0 | 1.0 1.0 1.0 1.0 1.0
301-099-001
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SUBSYSTEM NO, 7:

MODEL 301 LANDING GEAR DATA

Equation Constant M301 Value
Pyg Domapt(t)
D
: OMCD —
N
Pyg Dongpf(t) ~
. )4
=) %
[
— ONGD —
7
2 4 6 8 10.
TIME, t - SECS.
D
OMGU
\
Dyg Domguf(E) &,
<]
]
Do Doneuf(t)  ° 5 ' ]
ONGU
- \
2 4 6 & 10
TIME, t - SECS.
301-099-001 B-25
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SUBSYSTEM NO. 8(a): MODEL 30% CONTROL SYSTEM DATA
Equation Constant M301 valuc
6 d 90
) s Table C 1V
]
0L’ “OR d XCOL
6. = £ B Table C IV
LL -
b8,
—=f (B.) Table C IIT
o} XLT M
5B,
BlR’ B1L 3% =f QﬁM) Table C I
LN
d B,
5% =f (BM, VT) Table C II
PD
5 b 6e -4,16
e d XLN
d 6
R
) 8.0
R d XPD
28,
& + 3.93
2 LR\
i i ]
, -—
H j0|XLN XLNN
- ” . 0
H XCOL
in iH4
301-099-001 B- 36
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l TABLE CI FORF AND AFT CYCLIC PITCH (2B BX, )
< l >B
' MAST —t
ANGLE, °an
I (DEG) (" /in)
0 2.1
& l 10 2,09
. 20 1.98
v l 30 1,81
. . 40 1.60
o, 60 1.04 _
i } 7 70 1
oW l 80 .362
?" 90 0
- |
R = % = ° = 0o°
C (X = 4.8 in) (3, = 10.0625° @B,= 0°)
o |
4 B
1}
% I TABLE CII DIFFERENTIAL CYCLIC PITCH (3B,/0X,;)
5B
i 1 O ss
z I MAST T, (/in)
ANGLE -
(DEG) 0 - 60 KTS | 80 KTS | 100 KTS~
l 0 1.6 1.04 .40
10 1.58 1,025 .394
20 1.51 .975 .375
30 1.39 .90 345
‘ l 40 1,225 . 795 .305
— 50 1,035 .67 257
60 .803 .52 . 200
' 70 .55 .325 .137
80 .28 .18 .069
90 0 0 0
l 6B, = £4,0° 0-60
! | 2,60 80
l £1.0° 100
‘ 01-099-001 B-37
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TABLE CITI DIFFERENTIAL COLLECTIVFE PITCH

MAST ANGLE P8, /0%
(DEG) /in)

0 0.625
10 606
20 575
30 (541
40 50
50 438
60 1365
70 293
80 209
90 121

(X, = %4.8 in )

(48, = %3° @B, = 0)

TABLE_CIV___COLLECTIVE PITCH.(beo/bXColl; 8

0
bec/bXCol eoLL
MAST ANGLE
(DEG) ®/in) (DEG)
0 1,17 35.5 -
10 1.12 36,0
20 1,08 37.1
30 1,00 39,5
40 0.85 42,7
50 0.69 46,6
60 0.50 50,4
70 0.31 53.5
80 0.13 55.9
90 0 57.5...

LL

)

301-099-001
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TABLE CV CONVERSTON RATE (EM)

301-099-001 B-0

- MAST 5
" ANGLE o M
l (DEG) (" /Sec)
4
l -5 3.0(1)
X
h 2 3,0(1)
v I 2.5 15.0¢2)
L 10 14,25
- l 20 13.3
30 12.45
l 40 11,7
50 11.4
N E 60 11.4 {
y - 70 11.63
*
o y 80 12.5
l 87 14,02
i»‘f 8705 2.8(l>
& I 90 2.8(1)
o
| ! (1) When conversion starts at mast angle of
-5, 0 or 90; ﬁM = 2,8 or 3,0, When conversion oW
I stops at mast angle of -5, 0, or 90; éM =0
' (2) At from quarter rate to max rate; At = .05 sec ;.“» ;
;
| )
-
. | l‘-- = '
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TABLE CVI Xp.o VS Xoo
XcoL XTHR |
(INCH) (DEG) j ,
0 46.0 :
1.0 51.0
2.0 56,2
3.0 61,2
4.0 65.8 ;
5.0 70.5 %
6.0 75.0
7.0 79.3
8.0 83.7 |
9.0 88.0 %
10.0 92,3
11.0 96,2
12.0 100.0
TABLE CVII B GOVERNOR GAIN :
ﬁM f
(DEG) Kaec ‘
0 ;,
15 . §
30 . :
45 0.1 ¢
60 0. i
75 |
90 . : -

101-099-001
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TABLE CVIII__8 GOVERNOR LIMIT
B 8
M T OG Max
0 -6, +32
15 -6, +32
30 -6, +32
45 -6, +32
60 -6’ +32
75 -6, +32
90 -6, +32
b
T
K
3 i
: %
|
T
3
) | [ ¥
201~ 70-001 B-41
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SUBSYSTEM 8(b): MODEL 301 FORCE GRADIENT DATA

Equation Constant M301 Valuc:
PN Fino &
FLNl 0 for V_<V
T 1
7, n
.0264 for VT > V]
<
F.‘LNZ 0 for VT V2
.056 for VT > V2
3
Vl 5-—
V.2 175
1
Frr Frro
F <
FLTl 0 for VT Vl
.0107 for v, 2 Vl
<
FLTZ 0 for VT V_2
.0336 for VT > V2
3
Vl 5
175
V2 5
6
Fep Fopo
) <
FPDl 0 for VT Vl
J148 for V.2V
T~ "1
f <V
FPDZ 0 for VT \/2
1.21 fox \‘T ot
0
Vi
V2 1735
561-099-001 e
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SUBSYSTEM NO, 9:

M301 INERTIA COEFFICIENT DATA (AFT CG)

Equation Constant M301 Value

IXX KIl _ 20,5 Slugs - Ft27deg

I K 11,24 Slugs - Ft’/de

YY 12 . g g

I K 9.26 Slugs - Ft2/d

27 13 . ugs eg

I K 1.76 Slugs -~ th/d

Xz 14 . g eg

301-099-001 B-44




\ N e |
Vi .
BN PR AN R ] ! [ RS
BELL Use of dise losirte of data i thas page 1y
HELICOPTER comPANY subject to the testtictien on the Ulie paae
SUBSYSTEM NO, 14: M301 GROUND EFFECT ROLLING MOMENT COEFFICIENT DATA
Equation = Constant M301 Value
1, loo -8270 Ft, lbs,
Deg.
1Gl 26186 Ft, 1lbs
Deg Q“Fto
lG2 -23369 Ft. 1bsé
Deg. -Ft
1G3 6336 Ft. lbs;
Deg.-Ft
|
w
4>
F
é { L
\#
i
b
I —~— -
A D .
301-099-001 B-4"
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l ! SUBSYSTEM NO. 17: M301 COLLECTIVE GOVERNOR DATA
Equation — Constant M301 Value
I . Soc Wt | Lo 11.3
o ¥lgo "
l : L5
t le <BM) £/ \\
- l L \
0 30 60 50
e l an
. KRPG (BM) o ”Table C VII
= N {&‘ l e
i‘i . ' OGmax 1
Y / Table C VIII
S
1 l oc._, )
b ' min
i |
¥
¢
1
3
1
.
\
\ |
301-009-001 B=40
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SUBSYSTEM NO, 18: MODEL 30). ENGINE DATA
Equations Constant M301 V-.lue
HP Kl -0,04
o
K2 1.
K3 0
RPMRO K4 13100
K5 _ 235
Kb 475
Ta K7 288
HPROC % 0.266
K9 -8.97
K
10 0
K .
11 0.0032 ‘
Klz 0.875
K13 0.00125
K14 0 ‘
€ t 0.1 .
s D : v
L4
dHpP %
— ROS pctmxs 6.0 — A
PTG éf 4
dHP ?
ROS N
- Jctmxp 6.0 .
iy
301-099-001 B-47 |
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SUBSYSTEM NO. 19:

MODEL 301 DRIVE SYSTEM DATA

Equation Constant M301 Valuo
3 I, 824.0 Slug-Ft>
P ()y Oppp Oppr1 _ 33.2
oy S a1 1.3
Qg %0
301-099-001 B-40
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SUBSYSTEM NO, 20: M301 SCAS DATA
Equation Constant M301 Valu
PSCAS KIPU (U) Table SAS 1
|
Kgpy (V) |
K Table SAS T
198, (8,) .v
K |
TlP 0.5 Sec
T2P 3.15 Sec
T3P 3,15 Sec
TQP ' 1.0 Sec
1 SCAS . Kiyy (0 Table SAS II )
Kgyy (V)
K ®,) Table SAS 11 ,
Y8, M Dw
K |
P
S
0.6 Scc f
TlY . 5
T 2.7 Sec ’
2Y o
T3Y 2.7 Sec
1.0 el '
TAY Sec o
RSCAS Kiry (u) Table SAS .
Kopyr (1
J " .
301-099-001 Ba§l
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Equation Constant ~..M301 Valuce
K Table SAS 11T
e, !
K (B, }
LORB, " M

TlR 1.0 Scc
TZR 3.0 Sec
T3R 3.0 Secc
ESAS ESAS 1.54 Inch

max
RSAS RSAS 0.80 Inch

max
ASAS ASAS 1.54 Inch

max
PHOLD PHOLD 0.77 Inch

max
YHOLD YHOLD. . 0.4 Inch
RHOLD RHOLD 0.77 Inch
max

.k ‘, P Y

-

301-099-001 B=51
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|
t
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1

PUDREIEENS B

10.0
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|
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300

0 60 150 %"
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P ST

ETEN

|
—

B-53

U - Kts N

1300 i

e

t
|
L

0 60100200 300

e

T00 1200 13007 | 1 & N

| .

0 160100 ; 200

- et

o2
=
2

0

cye

K
i
%
!

[y
PP S

vosmr

l
J

ik

0,025 oo

. .007

: 0
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60

30
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1100 : 200 : 300 T
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. . s
i .
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i

100 ; 200 1300 = | it b
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!
t
i

© 300

100 _ 200
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j-igewpoel TABLE SAS II - Contd |

70 100 °200 1300 | 4 U L
S U - Res |

8
%
&

FEY

301-099-001 B=55
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